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PREFATORY NOTE 



ON THE 



RECENT PROGRESS AND PRESENT ASPECT OF 

THE THEORY OF GLACIERS. 

In 1850, Mr. Faraday delivered a lecture at the Royal In- 
stitution on certain properties of water, and more especially of 
water in the act of freezing. This lecture was never (I be- 
lieve) published by authority. But an abstract of it appeared 
in the Athenaeum Journal for June 15, 1850,* and also in the 
Literary Gazette. In this brief and imperfect summary of what 
must evidently have been an interesting and suggestive dis- 
course, it is stated, that if a film of water be enclosed between 
two plates of ice, even at a thawing temperature, the film of 
water is frozen, and the plates of ice cohere ; and also that 
damp snow becomes, by the same process, compacted into a 
snow-ball, which will not occur if the snow is dry and hard 
frozen. 

These facts appear to have excited little notice, until atten- 
tion was called to them by Dr. Tyndall in a lecture, also delivered 
at the Royal Institution, on the 23d January 1857. He gave to 
the phenomenon the name of regelatwn. He applied it to ex- 
plain the observation, that portions of ice crushed in a mould 
under Bramah's press may assume new and compact forms with- 

* Reprinted in the Second Appendix to the present volume. 
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out showing any trace of flawa ; this he attributed to the 
"regelation" of the water in the crevices. Mr, James Thom- 
son and hia brother, Professor William Thomson of Glasgow,* 
however, ascribed this consolidation to the effect of intense 
pressure, causing simultaneoiiB liquefaction, which commences at 
every point of the interior of the ice to which the pressure ex- 
tends (according to a previous discovery made by them to that 
effect), and to its subsequent solidification when the pressure is 
removed. 

Dr. Tyndall soon applied hia experiments on the consolida- 
tion or moulding of ice, and his adaptation to them of Mr. 
Faraday's fact of " regelation," to the explanation of the veined 
structure and movement of glaciers, which certain previous 
speculations of Mr. Sorby and himself about " planes of cleav- 
age " had brought under his notice. 

Thus it will be seen how the theory of glaciers became 
anew, in 1857, a matter of attention to men of science ; and, 
considering the acti^rity and ingenuity of those engaged in its 
study, the received doctrines were not likely to be adopted 
■without being first thoroughly canvassed. My theory, among 
others, was discussed, and I congratulated myself upon the 
examination which it was likely to receive upon its intrinsic 
merits. The fact that ice can be moulded under pressure, even 
in hand specimens, so as completely to recover its continuity 
under a changed form, was an argument in favour of my inter- 
pretation of the similar fact occurring in glaciers on a great 
scale, which appeared to me Hkely to remove some natural pre- 
possessions, as well as to throw light on the precise relations of 
■water and ice near the freezing-point of the former or tha-wing^ 
point of the latter, to which in my writings I had repeatedly 

• Prooeedinga of the Eojal Societj of London, 7tli May 1857, 23d Feliroaiy 
uud S2d April 1858. 
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Inferred. This practical argument was tlie more apcoptable, 
I«oaiise the absence of such a power of being moulded under 
*^term, rapid pressure had been urged as an objection to my 
theory by MM. Schlagintweit, in their work on this Bubject.* 
The fact is, that the confining of the ice by lateral comprcBBioa, 
whether in the great experiment of nature (in glaciers), or on 
(•he small scale, is, generally speaking, requisite to ite success. 
I had, however, somewhat underrated the difficulties which my 
opinions bad t-o contend with. The new generation of tbiukers, 
^hoee powers of investigation were now first to be exercised 
M the theory of glaciers, had to review and discuss all the pre- 
Ibinary objections which fifteen years before had furnished the 
■eapons of the opponents of " plasticity " as a property of ice 
on the great scale, Having said all that I could urge on that 
subject, I bail left my case with a calm and reasonable confi- 
dence that Time would bo the ablest advocate of my cause. I 
never replied to MM, Schlagintweit's appeal to the evidence 
derived from the pulverization of ice under Bramah's pr(;ss,t 
the reply being tho very same as I had already made several 
times to the popular argument derived from the fragility of 
ice. It appeared to me that the difficulties felt by Dr. Tyndall 
aiid Mr. Huxley, in admitting my theory, even after the inge- 
nious experiments of the former had demonstrated on the small 
scale the moulding power of ice, which I had long before 
aaserted to be unquestionably true on the large scale, were also 
^JU^ as a longer familiarity with the subject, and perhaps a more 

^^^^^bluteraachiiDgfln iiber die FhjsikaliecLe Geogi^[iliie der Alpaii, pp. 24, 122. 

^^^^In this caae the most eitrarngnnt distortion was sought to be produced in a 
fbw tDom^nls of tima. Whilst io the glacier, an almost inappreciable distortion 
{for Bln^I areas or hsjid specimens) is produced in periods gi' many daj's or vecliK. 
Very probably iilao, MM. Schlagintweit operated at lemjieratnres considerahly 
below tie freeiing.point, othemifle thoy could hardly ftiil to have obtained the same 
r«aults as Dr. Tyndall, 
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deliberate consideration of the whole of my views respecting 
would materially modify, I hope I may be allowed to say that 
the event has proved, partially at least, that I judged rightly. 
It was natural that the author of so interesting an experiment 
3 the moulding of ice at a fusing temperature under Bramah's 
press, should see in it the germ of a new theory. It is not lesB 
natural that I, who rather hoped for than expected such a pal- 
pable illoetration of my opinion, should see in it, not a new 
explanation of the phenomena of glaciers, but a uew proof that 
the explanation which I had advanced was correct. 

These are points which naturally fall to he decided by those of 
the Bcieutific puhlic who contsmplate the question from an impar- 
tial point of view. If the aspect in which I regard it he the 
more correct — if the conclusions of Dr. Tyndall are rather con- 
firmatory than subversive of my own — the result of the discus- 
sion will be one more affecting personal credit than scientific 
truth. If it be found that the limited plasticity of ice, 
which, when ice is exposed in the glacier to a peculiarly violent 
strain, neoessitates the formation of an infinity of minute 
rents, is really a part of my theory : — that it also embraces the 
subatitntion of the finite sliding of the internally bmised sur- 
faces over one another under the same circumstances, still pro- 
ving a quasi-fluid character in the motion of the whole : — if 
it be granted, moreover, that the reconsolidation of the bmised 
glacial substance into a coherent whole may be effected by pres- 
sure alone a*;ting upon granular snow or upon ice soifened by 
imminent thaw into a condition more plastic than ice of low 
temperature, and that the terms " bruising and re-attachment," 
" incipient fissures reunited by time and cohesion," were equiva- 
lent in 1846*^ to the phrase "fracture and regelation" applied 

* The following ara BpecimenB of the pbraeeologj need bj me in that year, or 
prEviouBly, with reference to the pages where thej will be found 
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ill 1857 ;— If it shall be further found that I argued from nature's 

own espcriment on the modelling of ice on the great scale in the 

irregular cavities of a mountain valiey, to the same purjjose as 

Dr. Tyndall does from his beautiful laboratorj' experiment, , 

whence he retraces the steps of the process to apply it to the I 

Ktail glacier, and that there is no reason for accepting the ex- I 

periment in tlie laboratory as more certmn or more conclusivB I 

tban the observation in the mountain valley, but that each obser- I 

Wtion confirms and illustrates the other : — Should all this be I 

admitted on due examination, I shall, I trust, still be held to j 

oave laid just and solid foundations for a Plastic or ViscooB I 

Theory of Glaciers, without the desire or pretension to have I 

credit for exhausting the subject in such a manner that^'urs J 

discoveries in physics can throw no more light upon it. I 1 

utterly disclaim so unworthy a pretension, and I appeal to every I 

passage of my writings in which I have referred to the more I 

obscure questions of physics and mechanics, as bearmg on the J 

Glacial Theory, in corroboration of this statement. I 

I am aware that when the Theory of Glaciers was again I 

in 1857 brought under discussion in the way I have already I 

mentioned, it was not easy for those who desired to know what J 

conld be said for the Plastic Theory to obtain an exact acquaint- I 

ance with ail that had been urged in its favour, or with tlie I 

modifications, if any, of the author's original views derived from I 

farther experience or consideration. Some might hold that the I 

" Travels in the Alps," as published in 1843, contained the I 

work; — "The bodj of tlie glacior ilflclf . . . jibUb, owing to Lte eli^'btly dnotUe I 

natnre, in tbe dircotion of knst reaistiuice. retuaiDg its coatinuil;, or recovering it I 

by re-attacbment after its part^ have Buffsred a bruise, according to the violence af .1 

Ibe action to which it boa been exposed," p. JG6. "In this condition [ou the "very J 

border of thawing'] molecuJar attachment amongst the granules inuet bo com- I 

parativel; easy, and the opaoitj disappears in proportion an 0]iLica1 contact il 1 

Btleuned," p. 201. "Multitudinous ineipient GsBurea eccaaioned bj tlie intenH 1 

strain are reunited bj llie simple efFecta of time and oohoBlou." IHil. J 
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authentic; exposition of the theory ; and this la quite true. But 
the criticfem which the theoretical pait of that work called 
forth at the time and for several years subsequently, naturally 
compelled the writer to attempt the removal of objections, to 
enter into more detail on obscure points, and to bring together, 
from various quarters, analogical arguments in favour of the 
principles adopted and their applications. Indeed it would 
even now perhaps be diflScnlt for any one approaching the sub- 
ject for the first time, to frame an objection which has not 
either been anticipated by myself" or suggested by others. So 
numerous were these elucidations and replies to objections, that 
they amounted to at least twenty detached essays, the greater 
part of which are now for the first time collected in the present 
volume. 

The revival of attention to the Theory of Glaciers, by the 
writings of Dr. Tyndall and other recent explorers of the Alps, 
and by some philosophers at home, suggested the present pub- 
lication. It contains a literal reprint of those Minor Writings 
in which I from time to time endeavoured first to expound the 
Plastic Theory and afterwards to defend it. Thecourse thus taken 
is at least impartial^in some respects it is disadvantageous to me.* 
These pages exhibit, without reservation, the progress of the 
writer's opinions from the very time of then: formation within 
view of the glaciers to their final homologation, after infinite 
discussion and after years of reflection. But I accept the ordeal. 
Without asserting that an absolute identity of opinion is to be 
found in each page of writings composed at so many different 

* An acate observer and eesajiBt not nnjaatlj says, " If you want to be udmired 
fur attainmunts do not exiiibit the sever&l steps of jour progrcxa. It makes no real 
difference, but fools have little respect for nliat they con measure. This is often 
the reason of the prophet being without ' bonour in his own country.' It is only 
with the bast .judges that llie higheflt works of art wouM lose nous of thpir honour 
by being Been in their rudiments,"— Xi/b ami Bonke, by J. F. Bni/et. 
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times, and many of them during jouriieyB, I believe that a gub- I 
stantial unity pervades tlje whole. I 

On only one point of any importance was the original theory, I 
as delivered in the " Travels in the Alps," Rubsequently modi-l 
Sed. In the earlier of my writings, I attributed the convereionl 
of the powdery n4v4 into the perfect glacier (as I believe nearly! 
all preceding and contemporary authors had done), as well the I 
alternations of perfect and porous ice in the " veined Btructure" 1 
of the latter {which at that time no one else had tried to ac- I 
count for), to the congelation by the winter's froet of water 1 
percolating through their interstices. In the former case, the I 
interstitial spaces were those of the snowy granules ; in the 1 
latter, the flaws due to the differential motion of the central I 
and lateral parts of the glacier. I 

The congelation of infiltrated water was not a doctrine I 
which originated with me, but rather one which I had assisted I 
in banishing as much as possible from glacial speculations. 1 
Having endeavoured to demonstrate that no efficient congela- I 
tion of this description can take place in summer when the I 
motion of the glacier is most rapid, I would gladly have dis- I 
pensed with it altogether. Still it was impossible to deny that I 
the winter's cold must penetrate to aome depth in the glacier, I 
and at first I was willing to admit not only that it was the I 
eflacient cause of the conversion of the n^ into ice, and of the I 
glassy bands of the veined structure, but that it might by its I 
expansion restore the level of the glacier, during winter, to the I 
point from which it had fallen by the waste of the previous I 
summer. This was the idea I had in 1842,* But by the time 1 
of the publication of the first edition of my Travels in the Alpa I 
in 1843, I had akeady got rid of the necessity for allowiug this J 
vertical dilatation, by including the ascent of the glacial surfaces 

' Fourtli Lettur on Qlaciere (1842), p. 34 o{ this Tolume. I 
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among the direct effectB of plasticity* I considered that my 
theory was Btrengthened by being rendered bo far independent 
of an effect which I admitted with reluctance-f 

There remained, however, three clasees of facta requiring 
explanation, and which were evidently connected with one 
another — (1) there was the reconsolidation of a glacier more or 
less extensively Gssured by open cracks, which is yet Been ulti- 
mately to recover its continuity ; (2} the reunion by pellucid 
ice of the surfaces rent by the bruising action producing the 
veined structure ; (3) the trausformation of the n6v4 into per- 
fect ice. On the first point I had early come to the conclusion 
that the greater fissurea of ice were sealed up merely by the 
collapse and reunion of the particles influenced by time and 
pressure, and aided by the softening effects of the plentiful afiii- 
sion of water. Ifext I was disposed to account, at least in part, 
for till.' reunion of the surfaces of internal sliding, or the forma- 
tion of the veined structure when it arises or is modified in the 
glacier proper, by a similar result of pressure and cohesion. I 
do not think that any recognition of infiltration in connection 
with this structure will be found in my writings subsequent to 
1844. A third fact was, however, to be explained before th^_ 
congelation of water in the depths of the glacier could be di^| 
pensed with ; — and until that was effected, it was, to say the leatjH 
superfluous to affirm that congelation had no effect in produciq^| 
the " blue veins." The difficulty now centered on the conversia^B 
of the n&vS into glassj- ice, a process (in my opinion) very iojE^H 
mately connected with the original formation of the veined stroo^l 
ture in the higher glacier, as the following passage, written i|H 
Italy early in 1844 (therefore founded on my observations of afl 
least the previous year), cleai-ly shows: — After explaining tbn 

L ■ TraveU, lat Edit., p. 3S4 ; 3d Edit., p. gSS. fl 

H f Sfv Itin limitations mentioned in Traaeli, pp. 232, 360. 373 of both editiona^ ^| 
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effects of differential motion in developing the veined structure, 

it is added, " I believe that it ie during the progress of the glacier 
thus subjected to a new and peculiar Bet of forces depending on 
gravity, and which remodel its internal constitution by stibsti- 
tating hard blue ice in the form of veins for its previous snowy 
texture, that the horizontal stratification observed in the higher 
part of the glacier or nSv& is gradually obliterated."** It will 
be seen in the pages of this volume that the identity of the 
process which (at least in the higher glacier) produces the blue 
veins of the ribboned structure, with the conversion of granular 
snow into glassy ice, remained for nearly three years a strongly 
fixed idea in my mind, but it only received a satisfactory 
development when I returned to Chamouni in 1846, thoroughly 
unsatisfied with the explanation of the conversion of the niv^ 
into ice by thaw and congelation, and determined, if 
to find a better solution for it. In the meantime I avoided in 
my writings any farther allusion to the mode of this conversion, 
as to which I had merely sanctioned the traditional opinions 
adopted even by De Saussure, notwithstanding his well-founded 
objections to the dilatation theory, f 

But in my autumn journey of 1846 this diSicnIty was 
removed, and I hastened, on my return, to record in my 
Thirteenth Letter on GlaciersJ my now clear conviction that 
all the phases of consolidation of a glacier are due to the effectg 
of time and cohesion alone acting on a substance softened by 
the imminent approach of the thawing state, in opposition to 
the belief which I formerly, in common with most other persons, 
entertained, that snow could not pass into pellucid ice without 

* Fifth Letter, p. 63 of this Tolume. 

f ■' CeB mumea neijfos . . . abreuyees deB onox dea [ilniea et del oeigeB fondos,. i 
te gelenl pendant Vhher. et fomient cee glaccti poreaaes dont l«a glnciera aont con^ J 
pog^." — Vot/agai, torn. i. § 627. 

4 RaprinteiJ in the preaenl volnnie, pagB 199, 
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being first melted and then frozen. Friction and pressure alone 
I affirmed to effect the change, especially iu the glacier, 
which, during a preat part of the year, is kept on the very 
border of thawing by the ice-cold water which infiltrates it. In 
thia condition, molecular attachment I stated to be comparatively 
easy, the opacity disappearing as optical contact is attained. 
The " glacification" of the n^iS" takes place by the kneading or 
woriing of the parts under intense prossure.^and the multita- 
dinous incipient fissures are reunited by the simple effects of 
time and cohesion. Thus the conversion into ice is simultaneoDB, 
and in tliis case identical with the formation of the blue bands, 
which are formed where the pressure ia most intense, and 
where the differential motion is a maximum, that is, near the 
walls of the glacier. • 

Thus tlio whole phenomena of the transformation of the 
glacier from fresh fallen snow Into laminated cohering ice, 
which constitutes the character of the true glacial subatanoe, 
even at great depths, were accounted for without the embar- 
rassing admission of the penetration of the winter frosts to an 
unlimited extent. f 

It was important that I should specifically point out this 
change in my opinion, of which the record is to be found in these 
pages, because it is the only one (T hope) which occasions a 
discrepancy of any consequence between my earlier and later 

* These expresalonH are vertallj taken from the Thirteenlh Letter, pp. 200, 301 . 

f Since a eertain amirant of congelation of infiltrated water meat necoBBarilj 
tftka place during winter, at least near the surfkce of a glacier, it is eaaj to see 
that it IB a matter of nice discrimination to limit precieelj its agency in a theory of 
glaciers. Certain phenomena cannot Lo produced witiiout it. Such are the lenti- 
cular frozen cavities which were descrihed by myself on the Glacier of Bossons, and 
whioh liftTO been irince particularly noticed hy Messrs. Tyndall aod Huiley, and by 
Mr, Ball. I hays referred to them more than once in the papers printed in this 
volume, where I have tiesoribed them ns the limit of the veined btniclurc when the 
di«locBting forces are very great and the hiteral compression small, and I have also 
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writings reprinted iji tUs volume. It will also, 1 think, 
admitted on examination, that the new doctrine preserved all 
that was sound and important in the old one, and added a new 
feature not only to the explanations givsn hy myself, but to what 
was true in the writings of De Saussiire and other old»' 
anthore. 

In 1850 I noticed M. Person's interesting observation d( 
duced from his own experiments and those of M. Regnanlt, 
the dissolution of ice is a gradual, not a sudden process, and 
far resembles the more tardy liquefaction of fatty bodies, or of 
metak which absorb their latent heat by degrees, and pi 
through intennediato stages of softnena or viscosity. I hastened! 
to avail myself of this new eouflrmation of views which my 
observations on glaciers had suggested. In like manner, Ladj 
Mr. Faraday's fact of the congelation of water placed between 
two plates of ice, even though that ice be exteriorly melting^, 
been noticed hy me when it was first published, I would hava 
unquestionably quoted it as a valuable auxiliary in explaining:! 
the possible congelation of water in the minuter fissures of th*' 
glacier, although since the change of views respecting tha 
consolidation of the glacier mentioned above as adopted by 
me in 1846, the congelation of water in the crevices of the 
glacier ceased to be essential to the mechanical explanation of 
the movement and structure of the ice. The function of the- 
infiltrated water seems to be that of preserving the whole ice ii^i 
that state of sofbiess which immediately precedes its disaolutioi 
as well as of conveying hydrostatic pressure ; and the cohesion 

(pp. 90, 162) pointed out a BJiniliir Occident in Invoa. The width of tie longitnd 
fissnTea in questioa bHowb that no latersi prosaure was exeried snfEcient to bring 
their bounding sntf^cs into contact, and that the; could not haie been filled with 
pelincid ioe by anj proceBB short uf the prolonged actiun of eiternal cold upon ii 
trated water. I behera, hnwerer, that theae appearanceB nre confined to U 
neighbourhood of the nurfnee and sides of glaciers. 
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the softened ice under pressure etUl appears to me to Le a 
sufficient explanation of all the appearances. Mr. Faraday's 
moat interesting observation shows, however, the extreme limit 
of the law of graduated softening, and is, as I have recently 
endeavoured to proye (in a short paper printed at page 228 (rf 
the present volume), a consequence of M. Person's law. 

In like manner, Professor W. Thomson's interesting experi- 
ment on the lowering of the freezing point of water undw 
pressure, and the consequent thaw of ice below 32°, may 
reasonably be included amongst the causes which, in peculiar 
circumstances, may impart to glacier ice a portion of its plasti- 
I city, I am not disposed to ascribe to it, by any means, the 
[whole of the plastic qualities of the glacier, as Mr. James 
Thomson seems incliued to do. In the rapid alternations of 
pressure which take place in the mouldmg of ice under Bramah's 
press, it cannot, I think, be doubted that the opinions of the 
Messrs. Thomson are verified.* 

All these results of the discriminating study of the familiar 
substance of ice near 32°, — the deduction of M, Person, the fact 
of Mr. Faraday, the experiment of Dr. Tyndall, the prediction 
of Mr. James Thomson and its verification by his brother, — 
instead of militating against the correctness of my Theory of 
Glaciers of 1842, seem to me to afford ao many independent 
confirmations of it. The larger and more correct views which 
may now he taken of the entire subject, and for which we are 
indebted to so many eminent men, cannot, I should hope, render 
valueless the generalization which was made without the full 
advantage of them. 

With these prefatory observations, I leave to the judgment 
of the reader the historical records of my own successive endea- 

l • See tha vary intaresting oiperiraents of M. Moubbod in the Bibliolhi^que 
I TJnivsiBelle, September 1858. 
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vours to place the Theory of Glaciers in a clear point of view, 
with the aid of such lights as the science of the time enabled 
me to use. I trust that the circumstances of their detached 
composition and publication will be taken into account in judg- 
ing of them. There will be found amongst them many things 
besides those already referred to, which, owing to the same 
cause, have been inevitably overlooked.* 

I will now say a few words as to the contents of this 
volume. They are, with the exception of the last paper, 
arranged accurately in chronological order, beginning with 1841, 
and ending with 1858. 

The First Article on the Veined Structure of Glaciers pre- 
ceded any attempt made by myself to account for the pheno- 
mena of glaciers. 

The first four of the Letters on Glaciers, which follow next, 
were written from Switzerland in 1842, and contain the origi- 
nal draft of the Plastic or Viscous Theory, which was expounded 
in 1843 in a more methodical and detailed manner in my 
Travels in the Aljps, which appeared in that year. 

In 1843 and 1844 I again visited Switzerland, as well as 
Italy and Sicily, though not in favourable circumstances for 
making extended observations. The Fifth to the Ninth Letters 
inclusive contain the results of these journeys, with the reflections 
which farther consideration of the Theory had suggested to my 
own mind, or which the objections made to it had called forth. 

The discussion of these objections continued in 1845, and 
it then appeared to me desirable to bring down the subject of 
the Glacier Theory to that period in a methodical form, which I 
did in three papers on the Viscous Theory, which were commu- 

* Besides the Thirteenth Letter already quoted, I would mention the " Sum- 
mary of Evidence/' at p. 168 of this volume, and the olsservations on plastic bodies 
in the Fifteenth Letter, as sot perhaps generally known. 



ItECEST PBOOnESS OF THE GT.ACIBR THEOIIY. 



nicated to the Royal Society of London. These papers 
reprinted here ; and as they form a supplement to the Theory, as 
delivered in my Travels, they include not only many additional 
facts, but answers to objections or difGculties given in a form 
which has none of the unpleasantness of controversy. I ven- 
ture to think that some parts of these papers contain valuable 
matter, which makes it desirable that they should be republiahed 
in this more convenient form. 

Subsequently to the composition of these papers, in 1846, 
I once more returned to the Alps, and made the observations 
referred to in a previous part of this preface, which altered some- 
what my opinions on the consolidation of the glacier, and 
afforded several other new obsen-ationa, particularly as to the 
more rapid surface motion of the ice stream. These gave rise to 
the Eleventh, Twelfth, and Thirteenth Letters which follow. The 
remaining Letters contain additional illustratioue of the Theory 
derived from various quarters, and the results of my latest visit 
to Chamouni — that of 1850. 

All these documents have been reprinted with scrupidous 
attention to accuracy ; nor htis the alteration even of a word 
been made without an indication by a foot-note or brackets [ ] ; 
the latter being exclusively reserved for ailditious made in tlie 
course of the present impression. In the papers from the PhUo- 
Bophical Transactions, only, I have consulted the reader's cou- 
venience by a few abridgements of formal and geometrical de- 
tails (all noticed where they occur), but absolutely none which 
afKict the sense. 

The concluding paper is a popular sketch of glaciers in 

general, and of my thuory, being the article Glacier from the 

Eighth Edition of the Encyclopedia Britannica, published in 

■ 1855. As it contains no novelty, aud professes no originality, 

L I have here and there altered a few words, chiefly in consequence 
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of the impersonal character of the authorship. It is, I am aware, 
very imperfect and indeed unfinished, for the limits to which 
I was confined obliged me to bring it to an abrupt close. As, 
however, it contains general information which may be accep- 
table to some readers (and in this respect might be read first 
by those to whom the subject is not already familiar), I have 
thought it best to retain it here. 

The Appendix contains a few documents by different writers, 
referred to in the volume ; and a good Index has been added, by 
the aid of which I trust that it will be easy to ascertain the pro- 
gress of my observations or opinions on any part of the subject. 

The whole of my minor writings on glaciers are not included 
in this volume. I shall close this introduction with what is, I 
believe, a correct list of. those which are not reprinted. The 
reason of their omission has been, for the most part, my reluc- 
tance to recal the memory of controversies long since concluded. 
My desire is, that this volume may contain as few traces as 
possible of personal discussions, nor one sentence which might 
occasion pain to any reader. 

The main intention, indeed, of the present publication is to 
appeal directly to what I have written as evidence of my share 
in establishing a just theory of a great natural phenomenon, — that 
of glaciers ; and to do this by rendering accessible to all readers 
the documents by means of which my claims to originality must 
be decided. It is not for me to add to or take from the text 
of what I have written. It is also more becoming that others, 
rather than myself, should be its interpreters, and the judges 
of what, after a fair and impartial study of the whoU^ my writings 
shall be held to establish. This is the only favour that I ask. 



CoixEOB OP Edinburgh, 
February 1869. 
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1842. The Glacier Thtory. Edinburgh Review Jhr April 1842. 

[I at first intended to reprint this article in the present 
volume. But I found that it would ill accord with the character 
of the other contents. Being based, so far as the physics of 
glaciers are concerned, on the rude and imperfect data which 
alone existed in 1841 when it was written, its speculations and 
its questionings are already in a great measure obsolete, and 
would have served no other purpose hut to show the great advance 
which the subject has since made. The longest part of the 
article was upon the geological aspect of glaciers, one hardly 
touched -upon from the succeeding papers of the volume. Alto- 
gether it seemed to me that, though historically not without 
interest, yet its insertion would distract the attention of the 
reader from the main purposes of this publication. Some of 
the more popular and descriptive parts of the article were re- 
printed as an introduction to the abridged edition of my Travels.* 
The paper in the Edinburgh Review was translated into French, 
and printed entire in the Annates de Chimte, under the direction 
of M. Arago.] 

1843. Historical Remarks on the Discovery of the true .Structure 
of Olacier Ice. Edin. New Phil. Journal, Jan. 1843. 

1843. Three papers on Glaciers. Proceedings of the Royal 
Society of Edinburgh. Read Gth and 27th February, and 
20th March 1843. 

[These papers contain the substance of some of the chapters 
of the Travels in the Alps, then in preparation. The third con- 
tains the first description of the plastic models, with illustrative 

■ Tour of Mont ItLrnc and ol' Molile Rono. A, anil C, Blnrk, I2nm. 1855. 
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figures. The Keith Prize was awarded to the author for these 
communications.] 

^,1845. Reply to Mr. Hophina on the Motion of Olaciers, with 
reasons for avoiding farther controversy. London and Edin, 
Phil. Magazine^ May 1845. 

1845. Tenth Letter on Glaciers. Edin. New Philos. Journal, 
January 1846. [Chiefly controversial. See page 169 of 
this volume.] 

1846. The Article on Glaciers in Johnston's Physical Atlas. 

[Principally geographical and topographical.] 

1855. Remarhs on the Rev. H. Moseleys Theory of the Descent 
of Glaciers. Proceedings of the Royal Society of London, 
14:ih June 1855. 

1859. Remarks on a paper " On Ice and Glaciers/' in the last 
number of the Philosophical Magazine, in a letter to Professor 
Tyndall. [Will probably appear in the Phil. Magazine for 
March 1859.] 



The first edition of Travels in the Alps of Savoy, &c., was 
published in July 1843 ; the second edition in June 1845. 

The work entitled Norway and its Glaciers, etc., was pub- 
lished towards the end of 1853. 
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I. ON A REMARKABLE STRUCTURE OBSERVED BY 
THE AUTHOR IN THE ICE OF GLACIERS.— 
(Read to the Royal Society, Edinburgh, Dec. 6, 1841).* 

Obscurity of the Theory of Glacier Formation — Ribboned Structure described — Its 
Course traced on the Glaciers of the Aar and Rhone — Probably perpendicular 
to Lines of greatest Pressure — Also perpendicular to Fissures or Crevasses — 
Analogy to Slaty Cleavage in Rocks — ^Physical Cause of both perhaps similar, f 

The object of the present short communication is little more 
than to announce and describe a peculiarity which the Ice of 
Glaciers frequently exhibits, interesting in itself as connected 
with the theory of their formation and propagation, and per- 
haps having a bearing upon the explanation of some facts long 
felt by geologists to be perplexing. 

Had I yielded to my own first impulse, this communication 
would have formed but a part of a much more extensive one, 
intended to give such an accjount, as I best might, of the pre- 
sent views entertained respecting the mechanism and conser- 
vation of glaciers, and the curious and interesting question of 
their ancient extension, and perhaps vast geological influence 
in producing some of the latest evidences of revolution on the 
surface of the globe. When I considered, however, the great 

* Edinburgh New Philosophical Journal for January 1842. 

f [The contents have been added in this reprint.] 
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2 BTRUCTORE OBSERVED IN THE ICE OF GLACIERS. [1841. 

extent which such a commanicatioti, to be generally intelli^ble, 
mast necessarily have, — and farther, that a large share of the 
material must be drawn from the works and the observations 
of others, — when I recollect^'.d, besides, that, however earnest 
and sustained bad been my investigation of these curious points, 
there was still much left obscure or unproved to my own mind ; 
in short, that the communication I should lay before the Society 
could not have that completeness, determination, and originality, 
which could properly entitle it to a permanent place in the 
Transactions of our Body, it seemed to me that the wish which 
had been expressed by very many of those to whose judgment 
I am most willing to defer, that I should make such a detailed 
communication, was one with which, in my official position as 
Secretary, and having in some degree the control of the order 
and distribution of business, I could not properly comply. 

I do not, however, relinquish the idea of laying before the 
Society, and even at considerable length, the conclusions which 
I may ultimately form respecting the great physical and geo- 
al questions now at issue, and the facts and reasonings 
upon which these conclusions are founded. The Glacier 
Theory, whether it regards the present or past history of those 
mighty and resistless vehicles of transport and instruments of 
degradation, yields to no other physical speculation of the pre- 
sent day in grandeur, importance, interest, and, I had almost 
said, novelty. I look forward to the prospect, which I hope 
may be realized, of extending much farther, during another 
summer, my direct observations and experiments, and in the 
meantime I desire to prepare myself for the task, by a thoughts 
ful review of the experience I have already had, and a close 
analysis of what baa been already argued and written upon the 
subject.* Should the result be successful, the Society may, a 
year hence, expect the communication of it. For the present 
I mean to confine myself to the description of a single fiict, 

• [Sncb nn analyeia and review woa pnblJBhed in the Edinburgh Saiiem for 

April 1842, and wna aflerwardfl tranalatad into Praneh Bad published in tho Annate* 

*■ "^ CTiHiie.1 
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whicli appears generally, if not universally, to bave escaped 
notice of fonner travellers amongst the Glaciers. 

On the 9th of August last (1841) I paid my first visit to 
the Lower Glacier of the Aar, upon or near which I spent the 
greater part of three weeks in company with Professor Agassiz 
of Neufchatel, and Mr. J. M. Heath of Cambridge. It is 
sm^rlsing how little we see until we are taught to observe. I 
had crossed and recrossed many glaciers before, and attended 
to their phenomena in a general way ; but it was with a new 
sense of the importance and difSculty of the investigation of 
their nature and fnnctions that I found something to remark at 
every step which had not struck me before ; and even in the 
course of the walk along our own ghtcier {as we considered that 
of the Aar, when we had taken up our habitation upon it), we 
found on its vast and varied 8iu"face something each day which 
had totally escaped ua before. It was fully three hours' good 
walking on the ice or moraine from the lower extremity of the 
glacier to the huge block of stone, under whose friendly shelter 
we were to encamp; and in the course of this walk (a distance 
of eight or nine miles, on a moderate computation, allowing for 
the roughness of the way) on the first day, I noticed In some 
parts of the ice, an appearance which I cannot more accurately 
describe, than by calling it a ribboned structure, formed by thin 
and delicate blue and bluish-white bands or strata, which 
appeared to traverse the ice in a vertical direction, or rather 
which, by their apposition, formed the entire mass of the ice. 
The direction of these bands was parallel to the length of the 
glacier, and, of course, being vertical, they cropped out at the 
surface, and wherever that siuface was intersected and smoothed 
by superficial water-courses, their structure appeared with the 
beauty and sharpness of a delicately-veined chalcedony. I was 
surprised, on remarking it to Mr. Agassiz as a thing which 
must be familiar to him, to find that he had not distinctly 
noticed it before, at least if he had, that he had considered it 
as a superficial phenomenon, wholly unconnected with the 
general structure of the ice. But we had not completed our 
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4 sTBUcrrRE obsebved in the ice of GLAGISSS. [1841. 

walk Ijefore my Ruspicion that it was a permanent and deeply- 
Beated structure was fully confirmed. Not only did we trace it 
down the walls of the crevasses by which the glacier is inter- 
sected, as far as we could distinctly see, but, coming to a great 
excavation in the ice, at least 20 feet deep, formed by running 
water, we found the vertical strata or bands perfectly well 
defined thioughout the whole mass of ice to that depth. An 
attempt has been made to convey some idea of their appear- 
ance in Plate I.* Where the plane of vertical section was 
eroded by the action of water, the harder seams of blue ice 
stood protuberant ; whilst the intermediate ones, partaking of a 
whitish-green colour and granular structure, were washed out 
We did not sleep that night until we had traced the structure 
in all directions, even far above the position of our cabin, and 
quite from side to side across the spacious glacier of the Finster 
Aar. 

During the whole of our subsequent residence amongst the 
glaciers, the phenomena and causes of this structure occupied 
our thoughts very frequently. We had mu(*>h diflSculty in 
arriving at a correct description of the manner of its occurrence, 
and still more in forming a theory in the least plausible re- 
specting its origin. 

Its importance, however, as an indication of an unknown 
cause, is very gi-eat ; not only because all that can illustrate 
what is so obscure as the manner of glacier formation and 
movement, is so, but because it is precisely on this very point 
of "What is the internal structure of the ice of a glacier?" 
that the question now pending respecting internal dilatation 
as a force producing progression, mainly hangs. Some con- 
sider ice as compact, others as granular ; some as crystallized, 
others as fractured into angular fragments ; some as horizon- 
tally stratified, others as homogeneous ; some as rigid, others 
as plastic ; some as wasting, others as growing ; some as ab- 
sorbing water, others as only parting with it ; — and yet no one 
Hoenis to have observed, or at least observed as an object of 

<* fit httH not boeu thought necessary to reprodace the figure.] 
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itudy, this pervading slaty or ribboned stnicture, to be found | 
probably in one part or oilier of every true g 

With regard to extent, this structure was observable on the 
Lower Glacier of the Aar, from its lower extremity up to the 
region of the Jim or nevA, where, the icy structure ceasing to ' 
exist, it could not be looked for; yet even there, where fre- 
quent thaws, induced by the neighbourhood of rocks or stones, 
produced a compacter structure, the veins became apparent. 
In some parts of the glacier, it appears more developed than 
in others ; in the neighbourhood of the morat?tes, and the walla 
of the glacier, it was most apparent. This would seem to infer 
I relation to the frequency of thaws and recongelation. 

It penetrates the thickness of the glacier to great depths. 
It is an integral part of its inmost structure. That it could 
not be the production of a single season I was speedily con- 
vinced, by observing that where old crevasses fissured the gla- 
der transversely, the veined structure not only was reproduced 
vn either side, but frequently with a shift or dislocation, or 
series of paraDel fissures, presenting sometimes a series of dis- 
locations advancing in one direction. 

The course of the veined structure was, generally speakiytg, 
on the Glacier of the Aar, strictly parallel with its length, and 
that with a degree of accuracy which seems extraordinary, if 
we attribute its production to the remote influence of the 
retaining walls of the glacier, distant at least half a mile. Near 
the inferior extremity, where the declivity becomes rapid, the 
structure varies its position in a manner very difficult to trace 
satisfactorily. There can be little doubt, however, that the 
nearly horizontal bauds which appear on the steep declivity of 
the glacier at its lower termination, are nothing else than the 
outcropping of these bands, which have there totally changed 
their direction, being transverse instead of longitudinal, and ' 
leuLing forwards in the direction in which the glacier moves I 
W a very considerable angle. The ice in this part of the glacier 
is distinctly granular, being composed of large fissured morsels, 
Uicfily wedged tt)gether; and the ribboned stniclUTB is ^wU^ 



BTltUGTUHE OBSERVED IN THE ICE 0*" GLACIHRS. 



Pfl 



ubscured. There Beems no doubt, liowever, that the horizoBtal 
stratification io the lower part of glaciers, insisted on by several 
writers, is merely a deception arising from this cause, bo familiar 
to the geologist who gets a section perpendicular to the dip of 
strata, which, therefore, appear horizontal. Towards the sides 
or walls of the glacier, at its lower extremity, the veins have 
their plane twisted round a vertical axis, having now their dip 
towards the centre of the glacier, and rising against the walla ; 
and this inclination sometimes extends nearly to tlie axis of the 
glacier, or the medial moraine, where I liave observed the veins 
deviating from the vertical by an angle of about twenty degrees, 
the bands inclining from the centre (or rising towards the 
walls), as if the pressure arising from the superior elevation of 
the glacier under the moraine had squeezed them out. The 
whole phenomenon has a good deal the air of being a structure 
induced p&rj)endiculaTly to the lines of greatest pressure, though 
I do not assert that the statement is general. Whilst the 
glacier is confined between precipitous barriers with a feeble 
inclination, the structure is longitudinal. As the glacier, by 
its weight, falls over the lower part of its bed, and moulds itself 
into the form which the continued action of gravity on its 
somewhat plastic structure impresses, the longitudinal structure 
is first annihilated (for throughout a certain space we could 
detect no indications of one kind or other), and the bands then 
reappear in a transverse direction, as if generated by the down- 
ward and forward pressure, which, at the lowest part of the 
glacier, replaces the tight wedging which higher up it received 
lateraUy. It is not easy to convey without a model a clear 
idea of the forms of surface here intended, and which yet re- 
quire considerable con-ection. 

I may mention, however, that the glacier of the Rhone, 
which I have carefully examined, presents a structure in con- 
formity with the view thus developed. It will he recollected 
by all who have seen that magnificent mass, that it poura in 
colossal fragments over the rocky barrier which separates the 
OalJenstock from the valley of the Rhone, and having reached 
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the last-named valley, it spreads itself across and along it:; 
pretty freely — innch as a pailful of thickisb mortar would do in 

like circumstances. The form into which it spreads is rudely 
represented in the annexed figure. In this parfjcolar case, 
even the strongest partisans of the dilatation theory will 
hardly deny, that the accimiulated ice descending from the 
glacier cataract A would form a centre of pressure at C, and 
that the lines of equal pressure 
would be found in the direction of 
the dotted lines, following nearly 
the periphery of the glacier. Now 
these dotted lines precisely trace 
out the course of the veined struc- 
ture alluded to ; and, moreover, 
they bend more and more forwards 
as we proceed from the centre of 
pressure G, especially in the direc- ) 
tiou of D, the line of greatest in- i\V 
clination of the bed, and down \\w./i 
which gravity urges the icy mesB. wir 
The front of the glacier, about E D 
F, presents the fallacious apearance 

of horizontal strata, as in the Aar glacier ; but these are found 
to dip inwards at an angle of 10° or 15°, which angle continually 
increases as we approach the heart of the glacier, rising to 40°, 
50"*, 60", and even 70°, as we approach C. It cannot be 
doubted, that these facts are so far favourable to the view which 
we have taken, although the establishment of it would require 
far more extensive observation ; and in several glaciers which I 
have visited, the observation of the convolutions of the veined 
structure is very difficult and obscure. Before quitting the sub- 
ject, I must add an observation which I made on the Glacier 
of the Rhone, aud which I am pretty confident is well founded. 
The lines of fissure, or crevasses, are alioays perpendicular to 
the conical ewfaces of the veiited structure. These fissures are 
denoted in the figure by the full lines a a a. Perhaps the 
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primary cause of these fissnm is, that the pressure of the 
at C forces the Racier to distend itself into continuaUy widea- 
ing rings, which its rigidity resists, and therefore it liecomes 
UBver^d hj- radial crerasses. 

The veined stmctnre itself, I have already said, aiises from 
the alternation of more or less compact bands of ice. The 
breadth of these varies from a small fraction of an inch to 
several inches. The more porous of these bands are the likeliest 
vehicles for the transmission of water from the higher to the 
lower part of a glacier ; and that opinion receives some con- 
firmation from the fact, that, at a certain depth, in crevasses, 
we may see the veined structure marked out and exaggerated 
ty the frozen stalagmite, which is protruded from the section of 
Jie more porous layers. 

In conclusion (for the present), this structure deserves the 
attention of geologists generally, as showing how the appearance 
of the most delicate stratification, and of sedimentary deposition, 
may be produced in homogeneous masses, where nothing of the 
kind hax occurred. For a short time, indeed, I was of opinion 
that this structure resulted from true stratiBcation ; but a 
cloBor examination of the mass convinced me that, inexplicable 
as the fact remains, it roust be accounted for in some other 
way. We have endeavoured to show an empirical connection 
whieh apjKtars to exist between the structural planes and the 
nmtaining walls of the glacier, Mid likewise that the recurrence 
of cnngolatioii and thaw appears to strengthen the formation of 
the bands. But this cannot be considered as in any degree 
•mounting to an explanation. The analogous difficulty of slaty 
cleavage in rocks presents itself as not improbably connected 
with a similar uuknown cause, whose action pervaded the mass 
of the crystallizing rock undergoiog metamorphic change, as 
this pervades the mass of the crystallizing glacier. In the 
fbrmer case, we have cleavage planes perfectly parallel, almost 
■Ddeflnitely extending with unaltered features over vast surfaces 
bf the most rugged country, changing neither direction, dip, nor 
ntcrval, with hill or valley, cliff or scar, and passing alike 
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through strata whose planes of -stratification, horizontal, ele- 
vated, undulating, or contorted, offer no obstacle or modifica- 
tion to the omnipotent energy which has rearranged every 
particle in the mass subsequent to deposition. The supposition 
of Professor Sedgwick, who has minutely described and con- 
sidered this geological puzzle, that " crystalline •r polar forces 
acted on the whole mass simultaneously in given directions, 
and with adequate power,"* can hardly be considered as a 
solution of the diflSculty, imtil it is shown that the forces in 
question have so acted, and can so act. The experiment is 
one which the boldest philosopher would be puzzled to repeat 
in his laboratory ; it probably requires acres for its scope, and 
years for its accomplishment. May it not be that Nature is 
performing in her icy domain a repetition of the same mys- 
terious process, and that in another view from the one which 
has recently been taken, the Theory of Glaciers may lead to 
the true solution of geological problems ? 



II. FIRST LETTER on GLACIERS, addressed to 

Professor jAMEsoN.f 

Account of the First Experiments, undertaken in June 1842, to determine the Laws 

of Motion of the Mer de Glace of Chamouni. 

COURMATEUB, PlEDMONT, 4th Julj 1842. 

My Dear Sir — Knowing that you will be glad to hear of 
my safe arrival amongst the Alps, and of my farther proceed- 
ings, I hasten to give you an account, in a few words, of what 
I have as yet done. Finding the season more than usually 
advanced, I hastened to reach Chamouni, in order to ascertain 
whether the Mer de Glace was as yet accessible in all its ex- 
tent ; and I arrived at the Montanvert on the 24th June, and 

* Geological Transactions, Second Series, iii. 477. 
t Edinburgh New Philosophical Journal, October 1842. 
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remained there for a wceli, I was fortunate enough to convey 
all my instrumeuta to their destination, without, I helieve, 
injury to any one of them. The Mer do Glace, bo continually 
visited by the curious, hut so Httle studied, seemed to me to 
offer great advantages for the prosecution of the objects which 
I proposed to^nyself. At firat sight it appeared to me steeper 
and more crevassed than I recollected it to be, and I doubted 
for a moment whether it was adapted for my experiments; but 
that doubt vanished upon closer examination ; aud in the course 
of the single week which I have been able to spend there, being 
favoured by most excellent weather, I have obtained results bo 
far definite and satisfactory, that, imperfect as they necessarily 
are, and only the commencement of what I expect to accomplifih 
during the remainder of the season, I will state them shortly. 
You will recollect that, in my lecitures on glaciers delivered 
last December and January, and afterwards in an article 
written by me in the Edinburgh Review,* I insisted on the 
importance of considering the mechanism of glaciers as a qnes- 
tion of pure physics, and of obtaining precise and quantitative 
meafiurea as the only basis of acoiu^te induction. I pointed 
out, also, the several experiments of a critical kind which might 
be made ; such, for instance, as the determination of the motion 
of the ice at different points of its length, in order to distinguish 
between the theories of De Saussure and De Charpentier ; for, 
if the glacier merely slides, the velocity of all its points ought 
(in the simplest case) to be the same ; if the glacier swells in 

• [Foi' April 1S13, B», for example, tlie following paeaagea : — 

" The meclianism of s glikoier in a proLlem of natorol pliiloeopby, and one macb 
more difGcolt and embarraesiDg than it baa communl; been supposed" [to be]. — 
Ed.Rai., p. 52, 

" Tha solution of tbiB important probieio [tbe theory of glacier motion] would 
be obtained bj tha eorrant maaaureiQeiit. st enceesBive periods, of tbe spaces botween 
pointa marked on inaulated boulders on the glaoier ; or between the bsada of pegs 
of conaiderable length, atuck into tbe matter of the ice, and b;the de termination of 
their annual progress." — Ed. Sea., p. 77. 

Tbe lectures referred to in tbe text were delivered bj the author in the Uni- 
veraitj of Edinburgh to a numerous audicEoe, including many men ot aoience. 
Tbey traced tint mainly the aame views as are embraced in the arlicle in the Edin- 
burgh Review, but with larger delaila of the author's eipericnco of 1841 .] 
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a)l ite masB, the velocity of the iafeiior part ougLt to be greatest. 
Of course, I do not now advert to the luauy causes which might 
accidentally invert this law, and which would require to be fully 
taken into account ; still less do I mean to say that anything I 
have now to state can be considered as critically decisive between 
rival theories ; but my experiments certainly do show that the 
kind of precision which I desired to see introduced into reason- 
ings about this subject, is practically attainable, even in a far 
higher degree than I expected. 

For example : — The motion of glaciers by the measurement 
of the distance of blocks upon its surface from a fixed point, 
from one year to another, has marked indubitably the annual 
progress of the ice. I do not know that any one has attempted 
to perform the measurement in a manner which could lead to 
any certain conclusion respecting the motion of the ice at one 
season compared with another, or from month to month; still 
less has any one been able to state, with precision, whether the 
glacier moves by starts and irregulaily (as we should certainly 
expect on the sliding theory), or miiformly and evenly ; and 
if 30, whether it moves only at one part of the twenty-four 
hours, and stands still during the remainder (as we sboidd expect 
on the dilatation theory, as commonly expounded). Now, I have 
already been able — 

Ut. To show and measure the glacier motion, not only from 
day to daif, but from hour to hour ; so that I can tell nearly 
what o'clock it is by the glacier index. That you may have 
an idea of the coincidence which these experiments present, I 
give you the longitudinal motion of a point on the Mer de 
Glace during four consecutive days. 

15.2 iDches. 16.3 inches. 17.5 incfaes. 17.4 inches. 
Id. This motion, evidently incompatible witli sudden starts, 
takes place in the glacier as a whoU, undisturbed by the most 
enormous dislocations of its surface, for these measures were 
taken where "the glacier was excessively crevasaed. 

3d. This motion goes on day and night, and if not with 
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absolute uniformity, at least without any considerable anoma Zmy, 
On the 28-29th June the motion 

from 6 P.M. to 6 a.m. was 8.0 inches, 
6 A.M. to 6 P.M. ... 9.5 
29th-30th, ... 6 p.m. to 6 a.m. ... 8.5 ... 
... 6 A.M. to 6 P.M. ••• 8.9 ••• 

seeming to show a greater motion during the day. 

4:tk. Tn the particular case of the Mer de Glace, the higher 
part (the Glacier de Lechaud) moves slower than the lower 
part near the Montanvert in the proportion of 3 to 5. 

5th. The central part of the glacier moves faster than the 
edges in a very considerable proportion ; quite contrary to the 
opinion generally entertained. 

There cannot be a doubt of the accuracy of these results 
within the limits in which the experiment has been made. 
They prove how completely problems of a purely physical cha- 
racter admit of accurate investigation ; and when a lai'ger 
induction shall have freed the results from local eri'ors, it is 
evident that we shall have the solid foundations of a theory. 
My wish to see the total eclipse of the sun on the 8th, has 
brought me to the south side of the Alps sooner than I could 
have wished ; but I have now fixed so many points on the Mer 
de Glace, that, on my return thither, I shall be able to obtain 
more comprehensive results. But what is most important in 
the whole matter is this — that an observer furnished with the 
proper instruments and methods may, by spending a few days 
on a glacier, determine at any particular season the amount of 
its motion at all the essential points, within the limits which 
any glacier theory can require. 
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The Laws of Motion a! the Mer do Gliice fartbor stated. 
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^^V CHAUocin, loth Aogast 1842, 

My Dear Sir — Since I last wrote to you on the 4th July 
from Courmaycur, I have examined, in detail, the two principal 
glaciers of the Alice Blanche ; and having re-croseed the Alps 
from Conrmaycnr by the Col du Geant, where I had the satis- 
faction of st;ll Boding the remains of Saiissure's Cabane of 1788, 
I have pursued for a fortnight my experiments on the motion i 
of the Mer de Glace. Being composed, as you know, of several I 
tributaries which are in some degree independent, and presenting I 
also a considerable variety of surface, this glacier seems as I 
proper as any for detaUed experiments, such as those which I I 
mn attempting. Being about to quit this place on a tour to I 
Monte-Rosa and the glaciers east of the Great St. Bernard, I 1 
wish to explain to you now in what respect my observationB I 
differ from those formerly undertaken on the glaciers, and to M 
mention a few results, which, of course, being as yet only 1 
partial, ought not to be considered as altogether decisive of the I 
truth or falsehood of any theory; still I believe it will bo 1 
admitted that the facts estabhshed in my last (and which farther 1 
experience has conflrmed), militate strongly against some of the I 
received opinions as to the cause of glacier motion. J 

Tou are aware that, in my lectures on glaciers in December m 
and January last, and in an article in the Edinburgh RevieW.l 
for April, I insisted, and ao far as I know it was for the first I 
time, on the importance of considering the glacier theory as a I 
branch of mechanical physics, by which I mean that the cans© I 

• Edinlinrgb Nen Philosophical Jonmnl, Octoher 1S52. [The coincidenco otM 
a l«w eipresdoDa with tboao in tlie First Letter will be piirdoiied when it is recottfl 
lectud that theae letters were priuled precisilj hb writlcu from the scene of tluM 
oljaecvalioDB described, anil that anj comparison of one letter with another w«|M 
impossible,] ^^ 
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^^M of movemeut should be ascertained inductively from the observed 
^H motion, carefully and mimertcally ascertained at different points. 
^H It is because authors have considered the problem ae too simple 
^^P a one to require a systematic analysis, that we &nd little or 
nothing done in this respect ; and it may be affirmed, without 
any disrespect to the ingenious persons who have assigned pro- 
bable causes for the movement of these masses of ice, that their 
solutions have been, like the astronomical theories of the earher 
cosmogonists, based upon somewhat vague analogies with better 
underatood phenomena, as when the analogy of magnetic attrac- 
tions seemed to offer a parallel to the mechanism of the heavens 
in the theory of Gilbert, and that of fluid currents gave rise to 
the Cartesian vortices. The Newtonian theory was based upon 
its coincidence with the empirical laws of planetary motion. 
We have as yet no empirical laws of glacier motion, conse- 
quently no proper mechanical theory can as yet be adequately 
tested. I endeavoured to point out in my lectures how a 
meclianical tiieory might be deduced from observation, and how 

k these observations might be practically made. I believe that I 
have also obtained, for the first time, the numbers on whose 
importance I insisted. I am not aware that any one had 
hitherto proposed to determine the diurnal velocity of a given 
point of a glacier with reference to three co-ordinates. The 
analogy with the empirical laws of astronomy is both striking 
and just ; an exact acquaintance with the path described by any 
^^ molecule ol' a glacier, will almost as certainly lead to a know- 
^^ ledge of the cause of its motion, as the theory of gravitation 
^H epnmg from the three laws of Kepler. We have to deal, 
^" indeed, with an effect more complex and varied ; but the residts 
contained in my last letter already show how much of numeri- 
cal precision may be attained. I have already determined the 
diurnal motion of 10 points of the Mer de Glace with a probable 
error, not exceeding, I think, a quarter of an inch in any case ; 
and when these observations shall have been pursued, as I 
. expect to do, until the end of September, there will be a toler- 
Lable basis for sound speculation. 
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In particular, you will recolletit that I pointed out last winter ] 
two experiments for dintinguishiog between the prevailing ( 
theoriea of De Sausaure and De Charpentier, — those of gravitar- J 
tion and of dilatation. One was the exact measurement of a ] 
space along the ice to be measured after a certain time, in order i 
to asfiertain whether any expansion had occurred. The other I 
was the determination of the linear velocity of the glacier at j 
any point, wliich, on the theory of Saussure, ought (if the i 
glacier be of nearly uniform section) to be uniform throughout ; 
on the theory of Charpentier it ought to increase from nothing 
at the upper extremity of the glacier, to a maximum at its 
lower end. The former experiment had, I have since learned, ' 
been suggested by Professor Studer to M. Escher last yeai', and 
attempted to be put in practice (though unsuccessfully) by the 
latter, on the glacier of Aletsch. Admitting Charpentier'e 
theory, however, this dilatation would be too small to be suc- 
cessfully observed in a moderate time, and with the geometrical 
methods which the uneven and varying surface of the g]ai;ier 
enables us to employ ; I have therefore not attempted it. The 
other method, in fact, embraces both ends ; for if the movement 
of the glacier in its upper and lower part be determined (by 
u^er I mean near its origin), the difference of the motions 
determines the dilatation or contraction of the intermediate part 
of the ice, and is liable to none of the great errors arising from 
the measurement of long distances. The observation, in the 
simplest and best form which I employ, resembles perfectly that 
of determining with the transit instrument the progress i 
planet. 

I have already said that my later observations confirm those 
which I previously communicated ; any variations, indeed, arise 
solely from a change of circumstances or season, and not from 
errors of observation. (1.) The continuous imperceptible 
motion of the glacier is entirely confirmed ; its bearing upon the 
sliding theory is very obvious. (2.) This motion is not by 
any means the same, however, from day to day and from week, 
to week; as indeed already appeared irom my first results. 
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This variatiou of motion appears t-o be commoii to every part 
of the glacier, as well where compact and completely even, as 
where most tissured ; nor perhaps is the variation of velocity 
greater in one caae than in the other. (4.) From numerous 
obeorvationa, made in all parts of the glacier, it invariahly 
results aa hefore, that the centre moves faster than the sides of 
the ice-Btream. In the lower and faster-moving part of the 
glacier, this disproportion is greutest, varying from oue-third to 
one-half of the smaller velocity, Netu- the origin of the glacier 
it appears to be one-fom-th or one-fifth of the smaller velocity, 
(5.) The variations of glacier motion affect the central parts most 
sensibly. (6.) The greatest daily motion which I have observed, 

» nearly opposite the Montanvert, amounts to 27.1 inches. (7.) 
I have ascertained the velocity of motion much nearer the 
origin of the glacier than when I last wrote. This, which 
would appear to be nearly, if not quite, an experimentum crttds 
between the sliding and dilatation theories, does not yield a 
result so favourable to the latter as I had at first supposed ; for 

I though it ia nudonbtedly true, as stated in my last, that the 
head of the glacier moves slower than the foot, the middle part 
moves rather slower than either, owing probably to the greater 
■width and thickening of the ice there. This source of error, 
from the varying section of the glacier, I had fully anticipated ; 
I but still, when we push the experiment to a limit, and take the 

velocity very near the origin, the velocity ought to diminiah, 
^^ on tJie theory of Charpentier, with a rapidity not to be mis- 
^K taken. Yet very near the head of the Glacier de Leohaud, 
^^B the diurnal velocity is considerably more than a foot per day. 
^^B I am far, however, from thinking that I am yet in a position to 
^^B jtidge finally of the merits of any theory ; my belief ia, that both 
^^B of those cited will as yet require great modification. 
^H By insisting upon the treatment of the problem as one of 

^H pure mechanics, I am far from denying that the kind of inves- 
^^1 tigations to which the glacier theorist have hitherto almost 
^H exclusively referred, are also of great value, such as those on 
^^^ the temperature and stnicture of the ice. The latter, in par- 
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ticular, is a sort of standing evidence of its mechanism, and, 
rightly understood, must lead to the most important confirmation, 
of any mechanical theory. This, you may believe, I have made 
an object of very particular attention. I have now examined 
so many glaciers as to have a very clear idea of the empirical 
laws which that structure, follows. Lately, I begin to perceive 
a connection between that structure and the facts of motion 
already cited. If these two classes of facts can be well brought 
into harmony with one another, we should have a very good 
chance of consolidating them into something like a theory. In 
my next letter, I will give you some account, at all events, of 
my observations on the subject, which are suflBciently definite, 
and probably also (without considering it as proved), of what 
seems likely enough to be its true explanation. I go to-morrow 
to the Great St. Bernard, to meet M. Studer. — Believe me, very 
sincerely yours. 



IV. THIRD LETTER on GLACIERS, addressed to 

Professor Jameson.* 

The Laws of Structure of Glaciers generally detailed— The " Dirt-Bands " described. 
Mechanical Theory of the Structure — Dirt-Bands correspond to Annual Inter- 
vals — Glaciers probably move in Winter. 

Zermatt, North Side of Monte Rosa, 
22d August 1842. 

My Dear Sir — I arrived here two days ago by a very 
interesting and unfrequented route. I mentioned in my last, 
that M. Studer and I had agreed to visit together the valleys 
eastward of the great St. Bernard. The Convent was our 
place of rendezvous, and we afterwards descended to Orsieres, 
and turned into the valley of Bagnes. Crossing the Alpine 
cham at the head of the valley, by the Col de Fenetres, we 
went down to Valpelline on the Italian side, and ascended that 

* Edinburgh New Philosophical Journal, October 1842. 
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valley quite to its origin. We then croBsed to tlie western 
branch of the valley of Erin, by the Col de Collon or AroUa, 
a very striking glacier pass. Thence M. Studer went to the 
Val d'Anniviera, and rejoins me here by the way of Visp, whilst 
I ascended the other branch of the Eringer Thai from Evolena 
by way of the Ferpecle glacier, and crossed over the mountains 
to this place, by a pasa higher and much longer than the Col 
da Geant, which presents, certainly, the grandest views I have 
hitherto met with in the Alps. I must not, however, stop to 
describe, as my present object is to fulfil the promise in my 
last respecting the structure of glacier ice. 
The interna! veined or ribboned structure presented by all 
glaciers in a greater or less degree, appears to be the only true 
essential structure which they possess, aud which, yon will 
recollect, I described in a paper printed in your Jotmial for 
^^l January last.* The existonce of granules divided by capillary 
^H fissures, as well as of large crevasses, are equally unessential to 
^^1 glacier structure, and subordinate to the other. Whatever 
^^H other result may flow from the examination of glaciers this 
^^M summer, by the many persons who are probably at this moment 
^^M directing their attention to them, this, I am sure, will be ad- 
^^M mittfid, that the veined structure is not peculiar to some glaciers, 
^H as some would maintain, nor to some years, as has been alleged 
^^M by others ; but that it is periectly general and systematic, having 
^^M one general type or form, which is varied according to external 
^^M mechanical circumstances. Being then the most essential and 
^H intimate part of the glacier formation, as well as one of its most 
^H obvious and universal features (especially on those glaciers which 
^H are moat commonly visited), it is equally singular that it should 
^H not have been sooner noticed, or if noticed, never once alluded 
^H to by the eminent and ingenious authors who have treated of 
^H existing glaciers and their efiects. 

^H With respect to the general type or form of this structure, 

^H 1 urn happy to say that I have found not the slightest reason 
^H to modify the description which I have given in the paper above 
^^K * \See page 1 of this Tclumc] 
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uUuded to, of the conformation of tlie glacier of the Rlioiie. 
The description is characteristic, not of that glacier only, but of \ 
every other, with certain modifications similar to the variation 
of the parameter of a curve; variations, therefore, not in kind 
but in degree. The most beantifiil structure I have ever met 
with is in the glacier of La Brenva, in the Allee Blanche, wliich 
was one of the earliest I examined this season, and in which I 
found all that I had seen, though imperfectly, on the glacier of 
the Rhone {which it resembles in the circumstances of being 
derived from an icy cascade, and in having a considerable 
breadth in proportion to its length), developed in a maimer so 
clear and so geometrically jtrecise, as gave me the moat lively 
satieiaction. I refer to my former paper for the figure and 
deBcription of that structiue ; I have fonnd the same conoidal 
surfaces, and the same false appearance of horizontal stratifica- 
tion on the terminal face of the gla<'-ier, arising from the veins 
dipping inwards at first at an angle of only 5°, rising to 10°, 
20°, up To 60° and 70°, if we follow the medial line of the 
glacier, or axis parallel to its length. The sides of the glacier, 
in like manner, have tlieir cleavage planes or veins dipping 
inwards towards the centre at an angle determined by the 
declivity of the rock or moraine which supports them, gradually 
becoming more vertical as the centre of the glacier is ap- 
proached, where they twist round by degrees, so as to become 
transverse to its length, and to form part of the system of planes 
dipping inwards first described. Fig. 1 exhibits a section parallel 
to the length. Fig. 2, a transverse section. 
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KTou are already aware that this structure consists in the 
alternation of more or lees perfectly crystallized ice in parallel 
layers, often thinning out altogether like veins in marble, not 
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uufrequently parallel anJ uniform like a ribboned calcedony or 
jaspi-r. 

I will, for brevity, merely state the modifications which this 
fundamental type undergoes, bringing together glaciers of all 
classes, but reserving the detail of examples and proofs, of which 
my experience has already furnished me with a great number, 
to another occasion. If a glacier be long and narrow, as the 
Lower Aar, or the Mer de Glace of Chamouni, the frontal dip 
is the least conspicuous part of the phenomenon ; and if it ter- 
minate in an icy cascade, as in the second case, it might escape 
observation altogether. The vertical planes parallel to the 
length, or nearly so, usurp nearly all the breadth of the glacier, 
and only in the centre is a narrow space, where not unfrequently 
the structure appears quite undefined. I have satisfactorily 
made out, however, in every glacier which I have had the 
means of examining^ with that view, that the conoidal structure, 
however obscured, exists in all parts of the true glacier, modified, 
according to its length and breadth, in the manner which figs. 
3 and 4 indicate. I need not add, that these rude sketches are 





Fig. 3. Fig. 4. 

not intended to be considered as rigorously exact, but only to 
(ixplttin <;cnerally my meaning. 

Th(5re is yet another modification, but only a modification, 
of tljo above, namely, in the case of extremely steep glaciers, but 
which are coherent, and not crevassed into pyramids. There 
are numberless examples of these in all the higher valleys of 
the Alps, which do not descend into the hollows, but festoon 
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the steep sides of snowy mountains. They are, I believe, what 
Saussure called glaciers of the second order, and have no relation 
to nSvSs, so far as I can attach a meaning to that term. They 
are of hard ice, and almost invariably present an appearance of 
stratification parallel to the soil on which they rest. This 
stratification is only apparent ; the cleavage planes dip forwards 
and outwards, instead of dipping inwards, as in the terminal 
portion of glaciers of less inclination. The surfaces of crystal- 
lization have, in this case, absolutely the form of a scallop- 
shell, the lip or front being always inclined below the horizon. 
I attach importance to the community of feature in glaciers of 
every form and inclination, because it indicates that the origin 
of the structure cannot be unimportant, considering its gene- 
rality ; and in this particular case of small steep glaciers, it 
appears, I think, that M. de Charpentier, who has justly denied 
the stratification of glaciers in general, has wrongly admitted 
the existence of strata in the case in question, which he regards 
as formed by the intercalation of mud from the soil in some 
manner, which, if I recollect rightly, he does not very clearly 
describe. Now, these seeming strata of mud I have examined 
in a multitude of cases, and found invariably to result merely 
from the percolation of dirt from the moraine, sometimes even 
accompanied bv small fragments of rock, into the more spongy 
and less crystalline veins of the glacier mass which already 
existed ; and the proof is that, by cutting with a hatchet, we 
gradually gain the pure ice, equally veined with tlie exterior, 
but not discoloured. I may observe, in passing, that the fissures 
which, in the lower part and near the sides of glaciers, form 
the granules, about which so much has been written, are stopped 
by the independent formation of the veins in the ice, which thus 
demonstrate their prior origin. 

One afternoon I happened to ascend higher than usual 
above the level of the Mer de Glace, and was struck by the 
appearance of discoloured bands traversing its surface nearly 
in the form indicated in fig. 4. These shades, too indistinct to 
be noticed when near or upon the surface, except upon very 
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carefiil iuepectiou, are very striking and beautiful when seen at 
a diatauce by a light not too strong, aa in the afternoon, or by 
moonlight. They are evidently bands of dirt on the aiirface 
of the ice, having nearly the form of verj' elongated parabolas 
merging in the moraines on either side, widest apart from one 
another in the centre, and confounded towards the edge. For 
some time I was at a loss to conceive how these sort of false 
moraines could spread from side to side of the glacier, but I at 
length assured myself that it was entirely owing to the struc- 
ture of the ice, which retains the dirt diffused by avalanches 
and the weather on those parts which are most porous, whilst 
the compacter portion is washed clean by the rain, so that these 
bands are nothing more than visible traces of the direction of 
the internal icy structure, and of course correspond 
with what has been already stated as to the forms 
iTi which the conoidal siu-faces intersect the plane of 
the glacier. I counted distinctly sixteen of these 
bands on the surface of the ice then in view. I 
afterwards traced them to the higher part of the 
ice-field ; aud the only distinction which I there 
observed was, that the loops of the curves were less y 
acute, or more nearly circular, fig. 5. AH glaciers 
do not shew this external evidence of their structure ^ 

equally, as there are some glaciers which possess the structure 
iteelf more developed than others. The cause of the dazzling 
whiteness of the Glacier dee Bossons at Chamouni is the com- 
parative absence of these layers of granular and compact ice ; 
the whole is nearly of uniform consistence, the particles of rock 
scarcely find a lodgment, the whole is washed clean by every 
shower. The superficial bands are well seen on the Mer de I 
Glace of Chamouni, and, to quote another example, one of the 
last I have seen, very admirably on the glacier of Ferpeele in I 
the valley of Erin, where I counted above thirty in view at I 
once, J 

I am quite persuaded that these banils, and of course the 
structure which they represent, have their origin iti the move- 
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meat of the glacier ; and if the laWB of niovement, ascertained 
independently, shall coincide with, or conGrm, the phenomena 
of structure, we shall be better able, from the comparison of the 
two classes of facts, to decide upon the cause of movement. 

What I have hitherto stated is matter otJiKf. I will state 
very briefly what I am disposed to deduce by way of hypothesis. 

It is impossible to consider these structural bands on the 
surface of the glacier, iu combination with the fact PBtablisbed 
in my former letters, tJiat the centra of the glacier moves cou- 
siderably faster than its edges, without believing that the bands 
are an indication of the motion, and that the motion gives rise 
to tlie veined structure. These dirt-hands perfectly resemble 
those of froth and scum which every one has seen upon the 
surface of slowly-moving foul water ; and their figure at once 
gives the idea of ^uid motion, freest in the middle, obstructed 
by friction towards the sides and bottom. It will be found 
that the analogies are entirely favourable ; the glacier struggles 
between a condition of fluidity and rigidity. It cannot obey 
the law of semifluid progression (maximum velocity at the 
centre, which is no hypothesis in the case of glaciers, but a 
fact), without a solution of continuity perpendicular to its sides. 
If two persons hold n sheet of paper, so as to be tense, by the 
four corners, and one moves two adjacent corners, whilst the 
other two remain at rest, or move leas fast, the tendency will 
be to tear the paper into shreds parallel to the motion ; in the 
glacier, the fissures thus formed are filled witli percolated water, 
which is then frozen. It accords with this view — 1. That the 
glacier moves fastest in the centre, and that the loop of the 
curves described coincides (by observation) vrith the line of 
swiftest motion. JJ. That the bands are least distinct neiu' the 
centre, for there the difference of velocity of two adjacent stripea 
parallel to the length of the glacier is nearly nothing ; but near 
the sides, where the retardation is greatest, it is a maximum, 
3. It accords with direct observation (see my last Letter), that 
the diference of velocity of the centre and sides is gi'eatost neai 
the lower extremity of the glacier, and that the velocity is more 
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nearly uniform in the higher part ; this corresponds to the less 
elongated form of the loops in the upper part of fig. 5. 4. In 
the highest parts of such glaciers, as the corves become less 
bent, the structure also vanishes. 5. In the wide aaucer-shaped 
glaciers already spoken of, which descend from mountain-slopes, 
the velocity being, aa in shallow rivers, nearly uniform acrosH 
their breadth, no vertical structure is developed. On the other 
hand, the friction of the base determines an apparent stratifica- 
tion, parallel to the slope down which they fall. 6. It also 
follows immediately (aasimiing it as a fact very probable but 
still to be proved, that the deepest part of the glacier moves 
slower than the surface), that the frontal dip of the structural 
planes of all glaciers diminishes towards their inferior extremity, 
where it approaches 0, or even inclines outwards, sinee there 
the whole pressure of the semifluid mass is unsustained by any 
barrier, aud the velocity varies {probably in a rapid progression) 
with the distance fi'om the soil ; whilst, nearer the origin of the 
glacier, the frontal dip is great, because the mass of the glacier 
forms a virtual barrier in advance ; and the structure is com- 
paratively indistinct for the same reason that the transverse 
stracture is indistinct, viz., that the neighbouring horizontal 
prisms of ice move with nearly a common velocity. 7. Where 
two glaciers unite, it is a fact that the structure immediately 
becomes more developed. This arises from the mereased velo- 
city, as well as friction of each, due to lateral compression. 
8. The veined structure invariably tends to disappear when a 
glacier becomes so crevassed as to lose horizontal cohesion, as 
when it is divided into pyramidal masses. Now, this immediately 
follows from our theory ; for so soon as lateral cohesion is de- 
stroyed, any determinate inequality of motion ceases, each mass 
moves singly, and the structure disappears very gradually. 

I might add more illustrations ; but let these suffice for the 
present. It is not difficult to foresee, that, if my view should 
prove correct, a theory of glaciers may be formed, which, with- 
out coinciding either with that of Saussure or Charpentier, shall 
yet have some thing in common with both. Whether that of 
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M. Rendu may not avail something, I am unable to say, not yet 
haying been able to procure his work. 

It yet remains to decide, what is the cause of the succession 
of dirt-bands at considerable distances on the surface of the 
glacier, indicating the succession of waves of more or less com- 
pact ice. In all the glaciers where I have yet distinctly 
observed them, they appear to follow a regulated order of dis- 
tances, nearly the same for a considerable space, but closer the 
farther we ascend the glacier. I cannot help thinking that 
they are the true annual rings* of the glacier, which mark its 
age, like those of a tree, only increasing instead of diminishing 
in breadth as the ice grows older, coinciding again with the fact 
which I formerly established, that the higher part of a glacier 
moves, generally speaking, more slowly than its lower extremity. 
The different states of the glacier at diflferent seasons, the 
presence or absence of snow, or even the simple diflference of 
velocity at diflferent seasons, would be suflScient to account for 
this alternation of structure. There is no cause so likely to 
produce it as some annual change. I may add, that ^some 
observations which I have already made on the distances of 
these bands, as well as information which I have endeavoured 
to collect, lead me at least to have some doubt as to the con^ect- 
ness of the opinion generally entertained, that the glaciers are 
stationary in winter, perhaps even, that there is any very great 
inequality in their march at diflferent times of the year. — I am, 
my dear Sir, yours very truly. 

* [Originally printed annvlar rings^ by a typographical error. See Editor's 
Note, Edin. New Phil. Journal, April 1843, p. 382.] 
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FOURTH LETTER on GLACIERS, addressed to 
pROFEssou Jameson. * 



Change of Level and Qencral Appeurance of the Ohmier in tbo montb of September— 
Collapse of the Walla of the CrovaBBea — Moulina — Veined Stnictnre — Direction 
of the Crevusses — Botb Veined Structure luid Crevasaea renewed from time tn 
time — The Motion of > Glacier reBomblea that of a Viecid Fluid— Objections to 
the Dilatation Theory — What the Cold of Winter may be supposed to acconi- 

Gbheva, 5th October 1842. 

My Dear Sir — Since my last letter from Zermatt, I have 
had an opportunity of examining tlic glaciers on different sides 
of Monte Rosa, particularly those of Lys and Macngnaga, and 
those near the Valley of Saaa ; and on my return to Chamouni 
early in September, I devoted a day to each of the glaciers of 
Trient and Argeutiere, before resuming my station at the 
Montanvert, where I remained until almost the last days of the 
mouth. 

What I think it most interesting now to add, as supplemen- 
tary to my former statements, is not a description of these 
various glaciers, bnt with particular reference to the Mer do 
Glace, to mention what the extended period of exammation 
which I have been able to give to it, has enabled me to (con- 
clude beyond what is iiontained in my previous letters, respecting 
the Theory of glacier-movement generally. Having accurately 
observed the condition and motions of this glacier lliroughout 
by far the greater part of the season at which it, or indeed any 
glacier is easily accessible, or sufficiently free irora snow for 
accurate observations, — having also, enpecially during the month 
of September, observed it under every circumstance of weather 
and a great range of atmospheric temperature, I believe tliat I 
have obtained the chief data necessary for baaing a theory of 
its motion, upon sound mechanical principles. The changes 
which I have witnessed (ii)on its surface, during the period of 
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above three months during which I have studied it, arc bo great I 
and remarkable, and in BOme respects so unexpected, as to be I 
of capital importance in any theory which may bo proposed. 

I was very greatly struck witli the change in the general I 
appearance of the glacier during my absence, from the lOA j 
August to the 10th September. 1 left it comparatively high I 
and tumid in the centre, at no great depth below the arrSte of q 
its natural boundary, the moraine by its side ; and fissured by 
crevasses, deep and rather narrow, with well defined vertical 
walls. — On my return, the icy mass had most visibly sunk in 
its bed; it seemed to me to have a wasted, cadaverous look; 
the moraines protruded far higher thau before from its sides, ] 
and the ice itself clinging to the moraine at a considerable 1 
height above its general level, was covered by the fallen masaea i 
of stone and gravel which had rolled down the inclined plane J 
formed by this central subsidence. The whole resembled I 
somewhat the Wye, or some of those narrow tidal rivers whose 1 
muddy bants are left exposed by tlie retreat of the ocean. 
That this subsidence was in a good measure occasioned by the 
melting of the ice in contact with the bottom of the valley in 
which it lies, and by the falling together of the parts in a soft , 
and yielding state, owing to a complete infiltration of the d 
whole mass with water during the warm season of the year, i 
was proved by a variety of circumstances which 1 shall not stop m 
to detail. I may mention however, that the crevasses were I 
wider but less deep and regular — excessively degraded on the ( 
side to which the mid-day sun had free access, and in many 
places where several crevasses neai'ly joined, the icy partitions 
had simk gi'aduatly towards a level, and thus rendered the _ 
fissured parts of the glacier more easily traversed than at an ■ 
earlier part of the season. It is plain, too, that the fact of iiivM 
more rapid advancement of the centre of the glacier mentioned 
in my earliest letter, implies a subsidence of that part, and a 
consequent drain from the lateral ice, to supply the vacuity 
^ich it leaves. 

It will at once be understood that the change of which I 
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lak in the external figure of the ice, its crevasses and ine- 
lUties, is an effect due to the season, and must be repeated 
:ry year. Were the siunmer coneiderably prolonged, the 
lation of the glacier would take place from a simple con- 
tinuation of the process, namely, the increased velocity of the 
central part, the exaggeration of the crevasses in width, and 
the falling of their walls, or rather the gradual subsidence of 
the elevations, softened by the warmth, into the hollows which 
iparate them, whilst the moraine would be left in all its 
^continuity as a witness of the original boundary of the glacier, 
e ice must possess within itself some reproductive power (if 
le phrase may be permitted), to restore it in spring to the 
ivel from whence it had descended ; and since crevasses thus 
■m, extend, and again vanish — perhaps in a single season, 
lut certainly in a very few years — we must consider the 
glacier as a much more plastic body than it has commonly been 
imagined. 

I state it, then, as a result of observation the most direct, 
it, in the early part of summer, the glacier level is highest, 
id the fissures least numerous. The latter form and widen 
specially during the months of June and July; and, in the 
beginning of August, the glacier is most difficult to traverse 
(generally speaking), owing to the multitude and sharpness of 
■these cracks ; but later, the prolonged sunshine and autumnal 
not only reduce the ice to water, and thus carry off a 
if its surface, but leave the remainder in a softened and 
ilastic state, in which the tendency is to a general subsidence 
all the elevations, whilst the prolonged excess of velocity of 
le central above the lateral parts, causes an increased hollow- 
and subsidence there, and produces a great Assuring, the 
lateral ice still clinging to the moraines, which it is compelled 
gradually to uncover. Before spring, by_^ some process which 
it remains to explain, the level of the ice is restored (supposing 
the glacier not to be permanently wasting). 

Another mode of considering the successive conditions of a 
'rtain portion of the glacier, will lead also to the admission of 
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the ever-varying state of its aggregation and subdivision. In 
a glacier, like the Mer de Glace of Chamouni, which presents 
great many and well-marked "accidents" of surface in v 
different parts, it is yet perfectly well known, that, though 
continually moving and changing, the distrihution of these 
"accidents" is sensibly invariable. Every year, and year after 
year, the water-courses follow the same lines of direction,— their 
streams are precipitated into the heart of the glacier by vertical 
fuimels called " moulins " at the very same points; the fissures, 
though forming very different angles with the axis or sides of 
the glacier at different pointe of its length, opposite the same 
point are always similarly disposed, — the same parts of the 
glacier, relatively to fixed rocks, are every year passable, and 
the same parts are travtfrsod by innumerable fissures. Yet the 
BoUd ice of one year is the fissured ice of the next, and the very 
ice which this year forms the walls of a " moulin," will nest year 
be some himdred feet farther forward and without perforation, 
whilst the cascade remains immovable, or sensibly so, with 
reference to fixed objects around. All these facts, attested by 
long and invariable experience, prove that the ice of the glaciers 
IB insensibly and continually moulding itself under the influence 
of external circumstances, of which the principal, be it remarked, 
is its own weight aflfecting its figure, in connection with the 
eurfaces over which it passes, and between which it struggles 
onwards. It is, in this respect, absolutely comparable to the 
water of a river, which has here its deep pools, here its constant 
eddy, continually changing in substance, yet ever the same in 
form. 

With reference to the yet more essential modifications of 
itrvcture, I mean the veined structure which I formerly de- 
scribed ; I shewed in my last letter, that it is equally mutable 
and subjected to the momentary conditions of external restraint ; 
and that, far from being an original structure in the higher part 
of the glacier, variously modified in its subsequent course, but 
never annihilated, it owes its existence at any moment to the 
conditions of varying velocity in different parts of the transversa. 
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secdoa of the glacier, ami that it is uot uiifrequently entirely 
, destroyed in one part of the glacier, to be renewed in a totally 
I different direction in another. A molecule of ice is as passive 
and Btnicturelese a unit as a molecule of water, so far as it has 
I not that atructtu'e impresaed by something external at the time. 
t Like the ivater in the river, myriads succeed one another, and 
I might be mistaken for the same. 

Few words will siiffice to shew how intimately what I have 
stated is connected (vith the first rudiments of a theory of glacier 
, motion, which T endeavoured to sketch in my last letter, and 
I the truth of which all that I have since seen has tended greatly 
. to confirm. The centre of the glacier stream is urged onwards 
by pressure Irora above (how caused we shall immediately con- 
aider}, which is there resisted less than at the aides and bottom, 
owing to the comparative absence of friction. The lateral parts 
are dragged onwards by the motion of the centre, and move 
I. also, but it is qiiite compatible with this idea of semifluid motion, 
I that the bottom of the glacier should remain frozen to its bed, 
a writers have supposed to be the case, though I am far 
I from asserting this to be the fact, or even supposing it probable. 
j Why, then, are the fissures generally vertical, and also where a 
I glacier is most regular, simply transverse, and not convex 
I towards the lower extremity? The first of these questions 
always till lately appeared to me a serious difficulty. The 
|_^( stated in the second, combined with the positive certainty 
I Uiat the centre of a glacier moves faster than its sides, in the 
1 ratio frequently of 5 to 3, shews that an answer must be found, 
^and, therefore, that it offers no inmirmonntable objection. The 
I explanation is to be sought in the continually varying condition 
I of the glacier, the perpetual renewal of the crevasses, the action 
' of water in tending to preserve verticality, and the really small 
variation of velocity of different pai-ts of the ice towards the 
centre of a glacier of immense depth. From these circum- 
stances, it follows that a crevasse is either renewed or altogether 
kextirpated before its verticality is sensibly affected. For the 
me reason, a stick several feet long, inserted vertically in the 
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fee, remains senuibly verticat bo long as it stands at all 
the velocity of the surface is sensibly the same as that at 10 
20, or probably even 100 feet deep in most glaciers. It is oi 
near the bottom or bed that the velocity is materially affect 
ae I have found also, that, in respect to breadth, it is in the 
diat« neighbourhood of the sides that the velocity dinjinishes 
rapidly, and that, for half its breadth in the centre, the 
velocity does not vary by morn tlian from -^tj to jS of ite 
amomit. It is farther worthy of notice, that whenever a glacier 
is of no great thickness, and, at the same time, highly inclined, 
that is, in circumstances calculated to produce a great diflereai 
between the motions of pomta of the glacier in a vertical lii 
there the fissui'es are not transverse but radiated, as in alm( 
all glaciers of the second order, and, therefore, the 6i 
not liable to distortion. 

I might put it rather as a direct result of observation than as 
a hypothesis, that the motion of a glacier resembles that of a 
tiscid fluid, not being uniform in all parts of the transverse 
section, but the motion of the parts in contact with the walls 
being determined mainly by thu motion of the centre ; but it 
yet remains to be shewn what is the cause of the pressure which 
conveys the motion, whether it is the mere weight of tlie semi- 
fluid mass, or the dilatation of the head of the glacier pushing 
onwards. The answer to this question involves the fate of the 
rival theories of Do Sausstire and De Charpentier. I still 
entertain the same difficulties wth respect to both, which I have 
stated in an article in the Edinburgh Review ; but these diffi- 
culties amount, I think, to a proof of insufficiency, if taken in 
connection with the obsei'votions which I have made this sum- 
mer. On the one hand, if it were possible that the glacier 
could shdo by the mere action of gravity in a trough inclined 
only 3, or 4, or 5 degrees, it is probable that one of two things 
would happen ; either it would slide altogether with an accele- 
rated velocity into the valley beneath, or else it would move 
by fits and starts, being stayed by obstacles until these were 
overcome by the melting of the ice beueath, or by thi^ accumii- 
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^^K lated weight of snow above and behiDd. Now, neither of these 

^^1 things happen ; the glacier movea on day and night, or from 

^^M day to day, with a oontiiiuoue regiilated motion, which, I feel 

^^B certain, could not take place were the sliding theory true. 

^^M But if possible, still stronger, as well as more moltiplied, 

^^M objections are to lie found to the theory of dilatation, and I 

^^r trust I shall not be accused of levity in thus, as it were, in a 

few lines, dismissing a theory which has eo much primd facie 

plausibility to recommend it, and which has been maintained 

with so much ingenuity by men such as Scheuchzer, De Cbar- 

Ipentier, and Agassiz. It is essential to the aim of this letter, 
that I state briefly the grounds of the conclusions at which I 
have arrived, whilst it is equally essential that my observations 
ehould be confined within small compass. In another place I 
shall give them all the development that may be requisite. 
Summarily, then (1.) The motion of the glacier, in its 
several parts, does not appear to foUow the law which the 
dilatation theory would require. It has been shewn (Ed. Rev,, 
April 1842, p. 77) that the motion ought to vanish near the origin 
of the glacier, and increase contmually towards its lower 
I extremity. I have found the motion of the higher part of the 

Mer de Glace to differ sometimes very little from that several 
leagues farther down; whilst in the middle, owing to the 
^H expansion of the glacier in breadth, its march was slower than 
^^1 in either of the other pai'ts. (2.) Whilst I admit that the 
^^H glacier is, during summer, infiltrated with water in all or most 
^^1 of its thickness (a point on which I had last year great doubts), 
^^H I feel quite conGdent that, during some months of the year 
^^H during which the glacier is in most rapid motion, no congelation 
^^1 takes place in the mass of the ice beyond a depth of a very 
^^B few inches, much less during the cold of each night, and least 
^H of all, at all times, as ap}iears to be now the opinion held upon 
^H the subject. WhUst I say that I am confident of this, I will 
^^1 Btate one proof. Less than ten days since I traversed the Mer 
^^1 de Glace up to the higher part of the Glacier de Lcchaud, 
^^^ whilst it was covered with snow to a depth uf six inches at 
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itaovert, and three times as much in the higher part. It 
Mrtwa snowing at the time, and for a week the glacier had been 
in the same state nearly, the thennometer having fallen in the 
meanwhile to 20° Fahr. Yet I had abundant evidence that 
the effect of the frost had not penetrated farther into the ice 
than it might be expected to have done into the earth nnder 
the same circumstances. All the superficial rills were indeed 
frozen over ; there were no cascades in the " moulins ; " all 
was as still as it could be in mid-winter; yet even on the 
Glacier de Lechaud, ray wooden poles, sunk to a depth of less 
than a foot in the ice, were quite wet, literally standing id 
water, and consequently unfrozen to the walls ; and in the 
hollows beneath the stones of the moraines, by breaking the 
croBt of ice, pools of unfrozen water might be found almost on 
I the surface. Is it possibie, then, that the mere passing chill of a 
^^rttHnmer night, or the mere cold of the ice itself at all times, can 
^^■Modace the congelation which has been so much insisted on ? 
■ '' But (3.) What was the effect of the congelation, trifling as 
it was, upon the motion of the glacier ? So sharp and sudden 
a cold Bucceediug summer weather, must inevitably, it siicms to 
me, were this theory true, have produced an instantaneous 
acceleration of the mean motion of the glacier. But the con- 
trary was the fact ; the diurnal motion fell rather short of its 
previoiM value, and [no sooner was] the severe weather past, 
and the little congelation which had taken place thawed, and 
the snow reduced to water, than the glacier, saturated in all 
its pores, resimied its march nearly as in the height of surmner, 
(4.) It has been inferred from the dilatation theory, that 
whilst the Burface of the glacier continually wastes, it [is] at the 
same time heaved bodily upwards from beneath, so that its 
absolute level is unchanged. My experimenla, as well as the 
most ordinary observation (as has been already remarked), 
disprove this hypothesis, I find that, between the 26th June 
and the 16th September, the surface of the ice near the side of 
the Mer de Glace had lowered absolutely twenty-five feel V5 
inches, and the centre had undoubtedly fallen more. The 



^ 



4 



FOURTQ LETTER OS OLACIERS. 



r 

^^V obserration of tlie waste of the siirfoce by the protrusion of & 
^^M stick aunk to a determinate depth ia a hole, is very iQac<;urate, 
^^1 and givi'8 results beloio the tmtli. 

^^M I am perfectly ready to admit, with M, de Charpenti«r, that 

^^M the congelation of the iuEiltratvd water of glaciers is an import- 
^^B ant part of their fiinctions ; only, I conueive that it occutb but 
^^B once a year to any effective extent, iu&tead of d^Iy or 
^H continually, as he supposes. Every tiling which I have eeen 
^^M on the glacit-r, during cold weather and when covered with 
^^^ snow, confirms the idea I have always entertained, that the 
^^1 progress of congelation in the mass of the glacier is very similar 
^^B to that of a mass of moist earth, and that, therefore, the daily 
^^M variations of temperature can make no sensible impression, with 
^^M respect to the mass of the infiltrated Ice. The prolonged cold 
^^P of winter must, however, produce a very sensible effect; and 
considering tliat the tem])crature of the mass is never above 
32°, it may be expected that the congelation of the water in 
capillary fissures in ice will, in the course of months of tran- 

IquiUity, reach a great depth. I apprehend that there ia only 
an annual congelation, acd that Its effect is not to move the 
glacier onwards by sliding down ita bed — for that the friction 
of so enormous a body seems evidently to render impossible — 
but (what Mr. Hopkins has very welt shewn is the only alter- 
native, and which he has used as an argument against Char- 
pentier'a theory) to dilate the Ice in the direction of least remst- 
^^ ance, that is, vertically, and consequently to increase its 
^^L thiclcnees. The tendency of such a force would, therefore, he 
^^B to restore during the winter the thickness of ice lost during the 
^^a smnmer; and in those winters which are less severe, a less 
^^B depth of ice being frozen, a less expansion would occur, and a 
^H permanent diminution of the glacier would result. Nothing can 
^H be more certain than the fact, so well stated by Charpentier in 
^^m his loth section, that the glacier docs not owe its increase to 
^^B the snow of avalanches, nor indeed to any snow which falls on 
^^^ the greater paii: of its surface, 
^^^k In conclusion, the admission of semifluid motion produced 
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by the weight of the ice itself, appears to explain the chief 
facts of glacier-movement, viz. (1.) That it is more rapid at 
the centre than at the sides. (2.) For the most part, most 
rapid near the lower extremity of glaciers, but varying rather 
with the transverse section than the length. (3.) That it is 
more rapid in summer than in winter, in hot than in cold 
weather, and especially more rapid after rain, and less rapid 
in sudden frosts. (4.) It is farther in conformity with what we 
know of the plasticity of semisolids generally, especially near 
their point of fusion. Many examples will occur to every one 
of what they have observed of the plasticity of hard bodies — 
such as sealing-wax, for example — exposed for a long time to 
a temperature far below their melting heat, and which have 
moulded themselves to the form of the surfaces on which they 
rest. (5.) When the ice is very highly fissured, it yields 
sensibly to the pressure of the hand, having a slight determi- 
nate play, like some kinds of limestone, well-known for this 
quality of flexibility. (6.) I have formerly endeavoured to 
shew how such a condition of semirigidity, combined with the 
determined movements of the glacier, accounts for the remark- 
able veined structure which pervades it* 



VL FIFTH LETTER on GLACIERS, addressed to the 
Right Honourable Earl CATHCART.f 

Motion of the Mer de Glace in the year 1842-3 — Winter Movement — The Veined 

Stmcture reproduced at the foot of an Ice Cascade — Cuts the Medial Moraines — 

Wrinkles in the Ice of the Glacier du Geant and that of Grindelwald, probably 

corresponding to the position of the Dirt-Bands — An Ancient Moraine at 

Ghamonni. 

Rome, 29th January 1844. 

My Lord — In reply to your kind letter of the 14th Decem- 
ber last, requesting me to communicate to the Royal Society 
any observations upon glaciers which I was enabled to make 

* [See page 23.] 
f Edinburgh New Philosophical Journal, July 1844. [Read to the Royal 
Society of Edinburgh.] 



I 



Firrn letter on rlaciers. [1844. 



during last summer, I may mention, that tlie etata of my health 
wae BO indifferent during the finer months of the year, and the 
caution which it required bo great, that I was quite unable to 
prosecute, as I had hoped, the Bubject of my previous ioqniries 
in Switzerland. As, however, the journey was not quite unpro- 
ductive, T ivill very shortly state the additional facts which I 
■was enabled to observe, claiming from you and from the Society 
the indulgence which their scantiness requires. 

At Chamouni, the most obvious conRideration was to deter- 
mine the at^tual annual motion of the ice, the partial motions 
of which during the summer months had been carefully aecer- 
taineii by me, as stated in my former communications. For 
thia purpose, I had two marks of a permanently distinguishable 
kind, namely, blocks of stone lying on the surface of the ice ; 
the one, formerly marked D 7, and referred to m my Travels 
by that name, situated a little lower than the position of the 
Montanvert; the other, marked C, or " Pierre platte," on the 
Glacier de Lcchaud, near its junction with the Glacier du Geant. 
It was the former of these masses which had been approximately 
observed ui position by my guide, Auguste Balmat, during the 
winter of 1842-3, with great labour and fidelity — observations 
which firfit conclusively proved the fact which I had previously 
suspected,* although opposed to the received opinions — that the 
glacier moves with considerable velocity even in winter. By 
going to the spot with Balmat, and verifying the marks which 
he had from time to time made, I ascertained that his meiaure- 
ments, if not absolutely correct, did not admit of being 
materially improved, owing to the great size and repeated turn- 
ing over of the block in question. His measurements between 
October 1842 and June 1843 have been published in the 
volume already cited.f I had the mortification, however, to 
find, on the 11th September 1843, when I visited the block, 
that though still upon the ice, it had got shoved so near the 
moraine of the glacier near an angle of its course, as to be well 
nigh stranded ; and that, in fact, smce Bahnat's last mark in 

•[See page 25.] t [Trayels in the Alps, let edition, p. 151.] 
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June, its motioD had been scarcely perceptible. It farther 
appeared, that the part of the glacier with which it had recently 
been moving was so crevassed and steep, that the vaat block 
aiufit have rolled and tossed about, or oven been precipitated 
occasionally forwards by the failure of the ice beneath it on the 
ateep, in a way which amply accounts for any want of regularity 
in its winter progress, as indicated by Balmat's measuremeute. 
It therefore became the more interesting and important to de- 
termine with care the motion of a point of the glacier removed 
from the accidental local influence of the sides and irregularitieH 
of the surface, in order to compare the mean annual motion witli 
the summer motion of the ice. The "Pierre platte" was, in 
every way, an unexceptionable landmark ; and I resolved to 
cross the Mer de Glace for the purpose of accomplishing it — 
an exertion which I should hardly have ventured for a less intfi- 
resting result. In the course of this walk, which was fraught 
with interest to me, as enabling me to compare the existing 
condition of a glacier witli the appearances which had been 80 
familiar to me just twelve months before, 1 found the state of 
the ice just such as might be expected after a very severe and 
snowy winter, and a very cold and late summer. The glacier 
v^posite the " angle " (station A), had now a much higher level 
tian it had at the same time in 1842; evidently, therefore, it 
liad, during the winter, regained its usual volume ; and then, 
during the ensuing summer, it had wasted less than it had done 
vtoriog the summer before. The glacier also bore other testi- 
mony to the same circumstances ; for the crevasses were far 
aharper and better defined, and the whole ajipearance of the 
See Ittas collapsed, than at the same season in 1842. The sur- 
taee also at the " angle " was extensivoly covered with the 
nnmeited snow of the winter, which, as I liave often observed, 
never admits fur a moment of being confounded with the matter 
of the glacier. The general direction and appearance of the 
crevasses, and of the position of the " moulins," was the same 
as in 1842 ; as if the glacier had remained at rest, though 
had really moved some hundred feet forwards. The raoraiiiea 



4 



FIFTH LKTl'EK ON GLACIKIiS. [1B44. 

were unaltered in appearance, only perliapa less prominent {at 
least, this was the remark of the guides), whicli would naturally 
arise fix)m the less superficial waste of the ice. 

There was no difficulty in recognising the " Pierre platte," 
which, indeed, had recently slid off an ice pedestal similar to 
that of the precedhag year (as figured in the frontispiece to 
my volume of Travels), but far less stupendous. As all the 
marks in the rock which I had at different places cut with a 
pick, and painted red, were as visible and fresh as on the day 
they were fixed, there was no difficulty in recovering, to a 
nicety, the exact position of the block on any day on which it 
waa observed in 1842, and comparing it with its new position. 
Accordingly, referring to the starting point on the 27th June 
1842, I found that it had moved, down to the 12th Sep- 
tember 1843, or in 442 days, 320 feet, that is, 8.7 inches 
dally. I have not now ray own work to refer to ; but I 
helieve it will be there found, that the motion of the " Pierre 
platte," during the hottest summer months, was only between 
9 and 10 inches at a mean.* It is plain, therefore, that during 
the remainder of the year (throughout the greater part, or nearly 
the whole of which, this part of the glacier is covered with 
snow), the motion, though somewhat diminished, was very far 
indeed from ceasing, — thus entirely confirming the observations 
of Balmat, near the lower end of the glacier. 

Finding that my strength and the time permitted, I pur- 
sued my excursion up to the level of the Jardin, opposite the 
glacier of Talefre, near the Aiguille du Moine. I iad a lively 
satisfaction in comparing my engraved map with the natural 
features of the country, and finding it a tolerably faithful repre- 
sentation ; and 1 checked everywhere, with minute care, the 
definition I bad given of the direction of the ribboned structure 
of the ice at different parts of the glacier. The observations 
formerly made I found to be rigorously exact ; and especially 
these two facts, whit;h at once put an end to any idea of the 
ribboned structure being a prolongation or deformation of the 
• [8go TraTPis in the Alps, p, 140,] 
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strata of the Neve ; viz. (1.) the stnicture assumed by the ice 
of the Talefre is extirpated entirely by its precipitous descent 
to the level of the Glacier de Lechaud, where it reappears, or 
rather is reconstructed out of the bruised fragments, according 
to a wholly different scheme ; (2.) the veined structure often 
cuts the medial moraines, t.«., a glacier composed of two, 
having originally distinct looped structures, assumes finally, after 
being for some time united, a single looped structure. 

From the heights above the Egralets, which command a 
most extensive bird's-eye view of nearly the whole Mer de 
Glace, about 2000 feet below, I was led to make a very inte- 
resting observation, — on the whole, the newest of the season. 
I need not remind your Lordship, that I first observed, in 1842, 
the existence of certain wave-like marks on the surface of the 
Mer de Glace, figured in my map of that year, and represented 
in the models submitted to the Royal Society last winter. These 
waves, or " dirt-bands," as I termed them, were parallel in their 
course to the veined or ribboned structure of the ice, and 
recurred at pretty regular intervals upon the surface of the 
glacier, — the loops pointing in the direction of its motion, — at 
an average distance, as I think, of between 600 and 700 feet. 
(The exact value is stated in my book.)* I was prevented, by 
a premature fall of snow, from tracing these bands (which I also 
termed " annual rings") higher up on the glacier than the point 
called Trelaporte. Standing, on the 12th September last, above 
the precipices of the Couvercle, at the foot of the Aiguille du 
Moine, as above mentioned, I not only saw with admirable dis- 
tinctness the " dirt-bands" between Montanvert and Trelaporte 
delineated, as it were, upon a plan ; but I was enabled to count 
six new ones higher up in the direction of the Glacier du 
Geant. Then followed a space corresponding to three intervals 
of dirt-bands, which were, however, not perceptible. Higher 
up, on the Glacier du Geant, was a most striking and beautiful 
appearance, quite new to me. The heavy snow of the previous 
winter had not been entirely melted during the whole summer, 

* [711 feet.— Travels, 1st Edition, p. 165.] 
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and BttU lay ic all the hoUowB where it could accumulate A 
Beries of snowy bands haiing this ongui appeared at regular 
iiiter\al8 upon the upper part of the Glacier du Geaiit corre- 
BpondiT g in distance and form to the arrangement of the dul; 
bands in the lower part of the glacier as I have endeavoured 
to represent below — thus ascertaining a most cunous and un- 
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suspected fact, namely, tlie existence of a serieB of curvilinear 
hollows on the nearly plane surface of the ice, which the eye 
would probably have in vain striven to detect, but for the pal- 
pable evidence of the aecumulations of snow lodged in the inter- 
vals of these vast waves. In fig. 6 the ground-plan of a part 
of the Glacier du Geant is shown, where it is divided longitu- 
dinally by the medial moraine descending from the Aiguille 
Noire. The portion of the icy stream descending from the 
ridge, called "les Periades," bears that name. The masses of 
dots indicate the position of the snow wreaths which mark the 
indentations of the ice ; these appeared to be confined to the ice 
of the proper Glacier du Geant ; the ?me« indicate the direction 
of the most distinct veined structure in the ice, which are visible 
in a mass from a distance, as the finely veined structure of 
Cipollino marble is, even when the lamina; composing it cannot 
, be indiridually seen. The conclusion from this is, that the 
fcsurface of a glacier is not an inclined plane, nor an inclined 
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convex surface, but that it is indented by furrows or wrmklcB, , 

which would give a section like fig. 7, in a direction parallel 1 
to the leugtb of the glacier A B, fig. G, the dots here indicating ' 
the anow wreaths as before, and the broken lines approximating ' 
to tke direction of the frontal dip of the veined structure : 
UiIb part of the glacier. These periodical undulations (to use a i 
lechnica! scientific term) are, beyond question, very important 
in the theory of glaciers generally, and of the dirt bands In par- 
ticular. Their existence will, probably, be thought to yield , 
eoine confirmation of the theory of semifluid motion of the ice, 



'"^^'^^^'^m^W 



even although their precise origin be still .obscure. A homely 
comparison, but a striking one, may he found in the wrinkles of 
the horns of many animals ; and, though it may appear fanciful, 
there is perhaps more than a vague analogy between the facts. 
I hope, at some future time, to offer a better elucidation. 

After some stay at Chamouni, I proceeded, by easy journeys, 
to Grindelwald, whose beautiful and easily accessible glaciers 
I had not visited for many years. I there found an exact 
confinnation of the views which I have pulilished respecting 
the origin and structure of glaciers. I found the forms, simple 
and compound, of the ribboned stmcture, to be such as I have 
described, including tho gradual rise of what I have called the 
" frontal dip," from a very low angle near the lower end of the 
glacier np to 75° towards its origin, especially on the Glacier 
of the StrahlecJt, above the Zasenberg, where it forms the Mer 
de Glace of Grindelwald. The other principal affluent of that 
icy sea, viz. the glacier descending from the Viescher homer, 
exhibits the same wrinkles exactly as those which I have just 
described upon the Glacier dn Geant, perhaps even better 
marked. As the lower glacier of Grindelwald furnished 
excellent example of all the modifications which I have elsewhere 
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shown to belong to the cafud-shaped gladery with branches ; 
the upper glacier is an exact representative, in its lower 
of the oval glacier , for which I have taken that of the Rhoi 
as a type ; whilst many of the tributary glaciers of Grindelwj 
and the Jungfrau bear ample testimony to the general fact, 
the structure of glaciers is developed during their progresdoB,' 
and after their primitive stratification has been annihilated, 
by their being projected in avalanches over appalling preci- 
pices. 

To these brief notes, I have only to add one interesting 
discovery, though of a somewhat local importance, which I 
made at Chamouni. The ancient lateral moraine of the Glacier 
des Bois is acknowledged by De Saussure, and all subsequent 
writers, to be found in the barrier of debris which crosses the 
valley of Chamouni, at Les Tines ; but very feeble traces have 
(I believe) been observed of the corresponding lateral moraine 
of the left bank of the glacier, excepting those between the 
Chalet of Montanvert, and the descent of La Filia. I have 
ascertained, however, that a good part of the ascent to the 
Montanvert, and especially near the chalets of Planaz, passes 
over a vast accumulation of debris, whose nature corresponds 
to that of the granites of the central chain, and which lies to 
an immense thickness against the rocky slopes of the valley, 
at the foot of the Aiguille de Blaitiere. The resistance oflFered 
by this mass of debris to the progress of the torrents, which 
descend from the glaciers of Grepon and Blaitiere towards 
the Arve, has diverted their course in a direction parallel to 
that of the valley of Chamouni, and it was the observation of 
this singularity which led me to the detection of the moraine 
first mentioned, which I could hardly believe had escaped me 
so long. 
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VII. SIXTH LETTER on GLACIERS, addressed to the 
Right Honourable Earl Cathcart.* 

^Analogies of Glaciers to Lava Streams — Observations on Mount Vesuvius — 
Moraines of Lava Streams — Some Objections to the Plastic or Viscous Theory 
of Glaciers considered — ^Verticality of Crevasses accounted for. 

Rome, February 5, 1844. 

My Lord — In a letter which I addressed to you on the 
29th ult., I gave some account of the few new obser^^ations 
which untoward circumstances permitted me to make, last 
autumn, upon the glaciers of Switzerland and Savoy. I have, 
however, had leisure to reflect maturely upon the theory of 
glaciers, which I have been occupied for two years in endeavour- 
ing to mature ; and, without pretending to find in it a complete 
solution of every problem which might be proposed respecting 
these wonderful bodies, I am perfectly satisfied that it is funda- 
mentally conformable to the laws by which they are governed. 
Some new analogies, to which your Lordship has referred in 
your last letter, such as that between glaciers and lava streams, 
may serve to render the subject more popularly intelligible ; and 
in explaining them, I may have an opportunity of removing, in 
some degree, the difficulties which have arisen in the minds of 
candid and intelligent persons, who have studied this theory for 
the first time — difficulties which would probably disappear of 
themselves by a more prolonged attention. 

I have not had the advantage of seeing the eruption of 
Etna, to which your Lordship alludes, which was indeed over 
before I arrived at Naples, and of which I did not even hear 
for a considerable time after ; so small is the sensation which 
such events excite in the country. I have, however, had an 
opportunity — ^probably not less favourable, though far less im- 
posing — of studying the mechanism of plastic lava, in the small 
currents which, during the months of November and December, 

* Edinburgh New Philosophical Journal, October 1844. 
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^^H were yery frequeutly flowing from moutha wilhm the crater 

^^B YesiiTius. On the 30th November, in particular, I descended 

^^H to the bottom of the crater, in order to examine a current ol' 

^^B very liquid lava, fifteen or twenty feet ^^ide, 'uhich issued from 

a cavity near the foot of the eniall cone which occupied the 

centre of the crater, and from whose top (in the shape of an 

inverted funnel, or of a blast furnace) there issued smoke and 

flames,* occasionally accompanied by a discharge of volcanic 

projet^tiles. The lava issued in a verj- steady rapid stream, and 

■ spread itself over a gentle declivity with a velocity uf not less, 
I think, than a foot per second. 
Admitting the plastic or viscous theory of glaciers, the 
resemblance to lava fails (1.) In respect of the great liquidity 
of the lava near its source ; (2.) From its very unequal rate of 
consolidation ; a crust being very soon formed upon the surface, 
^^M which becoming more and more massive, the principle of fluidity 
^^M is not uniformly distributed throughout the mass, as in the 
^^H glacier, but a tolerably perfect fluid struggles with the increasing 
^^H load of its ponderous crust, which it tears and rends by the 
^^H mighty energy of hydrostatic pressing ; and here and there 
^^H finding a freer exit far removed from its source, tosses high 
^^H those mighty fragments of the stony arch which confined it into 
^^M the wild shapes which strike the eye in crossing the wastes of 
^^M a lava stream, and which seem at first incompatible with the 
^^H fluid or semifluid principle of motion. This second circum- 
^^H stance, then, — the very unequal and rapid superficial couauli- 
^^H dation of the lava near its source, — has no analogy iu a glacier, 
^^H nor even in a river, unless when breaking up a ponderous crust 
^^V of ice after a sudden thaw. The regulated progression of the 
^^H glacier, swiftest in its centre, and nith a graduated retardation 
^^M towards the sides, has a much more precise analogy to that of 
^^1 a river than the lava stream has, which is subdivided (when it 

^^^H * 1 uQ able to add m; disdnct teBtimoii]' to that of M. Pillft, as to tlie emissiuD 

^^H o^fitaaee b; tLe crater of Teiurius. I spent jmj-t of tlie eveBiiig of tlio litt Januarj 

^^H nn tha top, and had oat the icaat doobt that wLnt I aav vcre actnol flaniee, irhicb 

^^^H iaaaed Ftoid time to time from the oriSces of the Email cone, and which were of a 

^^^■^ pale colonr, often inclining to blue. 
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any considerable breadth) into many little currents, each 
rolling past, and being retarded by its more sluggish or already 
consolidated neighbour ; so that its surface resembles that of the 
bed of many torrents in the Alps, where the more solid matters, 
the rocks, stones, gravel, sand, and clay, trace out the form of 
a sluggish mass propelled downwards by gravity, whilst its 
surface is seamed by the trickling of innumerable rills of water, 
charged with the more portable materials which have been 
washed down, or squeezed from the general mass. 

There are other circumstances, however, in which the 
analogy of the glacier with the lava stream is more complete ; 
and of these I will observe — 

I. That the cracks of the dark-coloured slag on the siuface 
of the liquid lava, as it spreads itself abroad, on issuing from 
the fiery mouth, are radiated exactly as those of a glacier under 
similar circumstances, and which I have represented in the 
margin as I saw them on Vesuvius, the lines of fissure being 
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Fig. 8. -^"^'^^AA^r--^ 

Fisstures in the Crust of Lava during Crystallization. 

marked by the liquid fire shining through. A perfect analogy 
here exists with the phenomena of radiating fissures in ice, which 
I first described in the glacier of the Rhone, and afterwards in 
the ice of the Glacier du Talefre, where it joins the Glacier de 
Lechaud, in the Glacier of Arolla, and very many other in- 
stances. 

II. That the slags, where solidified, presented strice or 
ripple-marks along their surface, parallel to the direction of the 
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ribboned structure " of glacier ice, i. e., inclining; slightly from 
the Bides towards the centre of the current, in the direction in 
which the current is moving. These strise, or ripple-marks, 
which have a striking analogy in certain cases of the retarded 
movement of rivers, are carefully to be diatingiiished, on the 
one hand, from the cracks orjlaios, and, on the other, from the 
direction of moUon of the fluid particles.* 

III. When, at some distance from the soiu^e, the lava 
became viscid and tenaceous, and forced itself, in streainletfi of 
a pasty consistence, through the interstices of its slag, thence it 
became streaky and drawn out, in the direction last mentioned, 
as molten glass docs in the liands of the workman, 

IV. But there is a more striking analogy to the ribboned 
structure of glacier ice, to be found in lava curreats at a distance 
from their origin, and where by any circumstance their surface 
has been broken up, and their internal structure exposed. In 
the Fosaa della Vetrana, for instance, and other places, I have 
found the lava divided into thin layers parallel to the interior 
of the surface of the channel through which it flowed, evidently 
produced by the adhesion or retardation which the soil exerted 
upon its adjoining film of lava, and the successive portious of 
lava upon one another, in proportion as the semiflnid mass, 
rolling upon its own particles (or rather sliding imperfectly over 
them), produced a solution of continuity and a series of shells, 
parallel in direction to the bed upon which the whole rests. 
The thickness of these shells varies from one-third of an inch 
upwards. I have never, however, observed a stracture in the 
interior of the lava except that parallel to the sides and bottom 
of the canal in which it moves ; nothing, in short, corresponding 
to the frontal dip in glaciers. But this is quite natural and 
conformable to the very different constitution of a glacier ; and, 
in particular, it corresponds to the fact so often urged as a diffi- 
culty to the semifluid theory of glaciers, namely, the want of 

* A long BccHental delay in tLe priuting of this letter enabiea me to udd, thai 
I have Ibtind in tlie lavas of Etna a yet far mora perfect analogy to the veined 
e of glaciers than that deecribed in the text. It is, indeed, eo completely 
velepcd BB to leave no donbl as In the idtnlity of origin. 
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ductility or tenacity of their parts. It is that fragility precisely, 
which, yielding to the hydrostatic pressure of the unfrozen water 
contained in the countless capillaries of the glacier, produces the 
crushing action which shoves the ice over its neighbour particles 
and leaves a bruise, within which the infiltrated water finally 
freezes and forms a blue vein. In the lava, on the other hand, 
where the tenacity is great, the discontinuity, if produced at all, 
is soldered up by the plasticity of the parts, whose small crystal- 
line structure farther tends to obliterate the separation. The 
layers just mentioned, parallel to the bed, are perhaps produced 
by the successive adhesion of warmer streams of lava to the 
colder parts already deposited, and, consequently, their analogy 
to the glacier structure must not be pushed farther than as 
showing the directions of the tendency to separation of a very 
viscid stream, powerfully retarded by its bed. It is the con- 
gealing of the lava which makes its adhesion to the sides great 
enough, and its own fluidity small enough, to bear a comparison 
with the far less ductile body of a glacier. In the heart of the 
mass where the same intestinal motions take place (as I have 
shown conclusively by using coloured layers of plastic matter in 
the models formerly exhibited to the Royal Society), the dis- 
placed particles reunite and consolidate into a homogeneous 
mass without any trace of dislocation.* 

V. The convexity or concavity of a semifluid stream like a 
current of lava or of a glacier, depends entirely upon the rela- 
tions or conditions in which it is placed. Upon the same slope, 
a fluid of one degree of consistence will run ofi" in a concave 
stream, whilst a more viscid one, which must accumulate in 
thickness, in order to overcome • the resistance in front (just as 
water which meets a sudden obstacle), rises into a convex curve. 
This is perfectly seen in the case of a substance like plaster of 

* The following passage from M. Dufrenoy*s Account of Vesuvius, is interesting, 
if it were only as recording his remark, that the variation of velocity in different 
parts of a stream must produce longitudinal strise. " La plupart des coulees pre- 
sentent des bandes longitudinales assez paralleles entre elles ; ces larges stries sail- 
lantes snr la surface sent les traces du mouvement de la lave qui ne s'avance pas 
d'une senle piece, mais par bandes paralleles.** — Sur les Environs de Naples, 
p. 324. 
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Paris, mingled with water, whose consiBtence may be varied at 
pleasure, and a stream of which may be made either concave or 
convex, or concave at its origin and convex at its termination, 
as is the case with a glacier. The evidence on this subject, 
afforded by the models formerly laid before the Royal Society, 
ia HO complete and conclusive, that, however interesting it might 
be to put into a mathematical form the relations of the comtanta 
of the effect of gravity, the viacosity of the body, and the retar- 
dation of the sides, as affecting the form of the surface, it is 
sufficient for my present purpose to appeal to facts so familiar, 
and experiments so easy, that their evidence may well be pre- 
ferred to the more casual and embarrassed case of lava streams, 
■which, as I have already observed, are seldom or never to be 
regarded, on a great scale, as simple moving masses. I may, 
however, add, that when the inclination is small, the surface is 
convex, at a certain distance from the origin. 

VI. There is a circumstance attendant on the motion of 
lava streams, which has struck several geologists, before the 
viscous theory of glacic-re had been proposed — I mean the ex- 
istence of moraines. The moraines of lava are best seen in 
the more defined and united lava streams on rather a small 
Bcale, — ^those, in short, which have the unity and character of 
a proper stream, moving at once in its various parts. The 
moraine is composed of stranded masses of lava crust, thrown 
aside by the liquid fiery stream, and partly, perhaps, of the 
yielding matter of the bed of the stream pressed outwards and 
upwards by the hydrostatic presMure of the centre. The former 
is chiefly, perhaps, the case when streams of tolerably fluid lava 
flow down a steep inclination, as on the exterior of the cone of 
Vesuvius ; the latter, when the inclination is small and the 
weight of accumulated lava great. The igneous moraines, 
though noticed by various geologists, are most emphatically 
described by M. Elie de Beaumont, in his masterly memoir on 
Etna, in the following words : — " Une des circonstances que les 
coulees de lave presentent le plus invariablement tout-es lea fois 
k qu'elles ont parcouru des talus oii elles pouvaient acquerir une 
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certaiDe vitesse, caractercB que j' ai observes sur tontes sortee 
de pentes depuia 33° jusqu'a 2° et que je n'ai cesse d'observer 
que la ou les coulees se sont arretees faute de pente, consisle en 
ce que chaqne coulee est flanquee de part et d' autre par une 
digue de scoriea accumulees qui rappelle par sa forme la moraine 
d'un glacier; digue que s'eleve constamment a une hauteur 
auperieure i celle a laquelle la coulee est reduite a la fin du 
mouvement, et qui marque le maximum de hauteur qu'elle a 
atteint dans le moment de son plus grand gonflement. Souvent 
auBsi les couleea presentent de paroilkts digues vers leur milieu, 
lorsqu'elles sont partagees en plusicurs en courants distincts 
coulant I'un a c6te de 1' autre."* 

Vll. The termination of a lava stream on a level or slightly 
inclined surface due to its increasing viscidity, presents appear- 
ances almost identical with thoso of a glacier. The same pro- 
tuberant convexity of surface, the same steeply-inclmed sides 
and front, aud nearly the same ground-plan, all bespeak a simt- 
'ity in the circumstances of motion. I may add, that in some 
lerimenta which 1 made some years ago upon the flowing of 
Ited iron in narrow channels, and upon small slopes, with a 
tew to illustrate some phenomena of lava streams, before I had 
commenced a particular study of glaciers, I arrived at similar 
results, aud obtained the same convexity of surface which is 
[need in the plaster models before cit(;d. J 



^■sodi 
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It ia very interesting to observe how many intelligent per-1 
sons have been struck with the similarity between glaciers and 
lava streams, without, however, pushing the parallel beyond a 
general resemblance. 51. Elie do Beaumont, we have seen, 
speaks of the moraines of volcanoes ; but in various parts of bis 
writings, as welt as those of his colleague, M. Diifrenoy, we find 
the mention of glaciers as continually suggested to his mind 
when surveying the wastes of Etna and Vesuvius. One of these 
is the following: — " L'ecorce superieure d'une coulee 

■&e da l'ecorce inferieure et du sol sousjaccnt par une cer- 
* E. de Beaumont, Becharcbei Hnr le Moat Etna, p. 1B4. 
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taine epaiseeur de lave liqutde ou du moms visqueiise, se troiive 

i un etat comparable a (ielui d'un glacier, qui, ne pouvant 
adherer au sol sousjaceut a, cause de la fuaon continuelle de sa 
couclie inferieure, se trouve contraint a glisser;"* shewing that 
the author then adopted "the theory of Sanssure (sine* ably 
defended by Mr. Hopkins), in which the fusion of the ice by 
the beat of the earth, might be said, in some sense, to Jioat 
down the superincumbent solid ; an opinion best controverted 
by the fact which M. E. de Beaimiont has smce clearly brought 
into notice, that under existing circiiiustances such fusion ia 
perfectly insignificant-t 

The writer of a popular Italian guide-book, Mrs. Starke, 
I perhaps one of the first who indicated the striking general 
resemblance of a stream of lava to a glacier. She describes the 
former (which she saw during a small eruption of Vesuvius) as 
." rolling, wave after wave, slowly down the mountain with the 
same noise (?) and in the same manner, as the melting glaciers 
roll into the valley of Chamouni ; indeed, this awful and extra- ■ 
ordinary scene would have brought to mind the base of the 
Montanvert, had it not been for the crimson glare and excessive 
heat of the surrounding scoriae,":t 

Mr. Auldjo, the author of a Narrative of an Ascent of Mount 
Blanc, and therefore acquainted with the appearance of glaciers, 
has renewed Mrs. Starke's comparison in very similar expres- 
siona, in a work more recently published upon Mount Vesuvius. 
Captain Basil Hall has, if I mistake not, in more than one part 
of his writings suggested the picturesque analogy of volcjinoes 
and icy mountains, the cradle of glaciers. 

We have seen bow far there is a real analogy between the 
mechanism of these two terrible scourges of Almighty power — 
the ice-flood and the fire-flood, both of which invade the homes 
and the labours of man, with a force alike irresistible. But 
to render the analogy more than apparent or poetical, it was 

• Recharchoa snr I'Etna, p. 177. 

f AtinalpB deB Sciances GEologiqnes par Riviero 

t Starke's TravelB. French editinn, p. 311. 



It] PLASTICITV OF GLACIERS — OBJECTIONS BBMOVED. 



required that several difficulties, very obvious, and seemingly I 
msuperable, should be removed ; and the chief of these was th» 1 
texture of ice compared to the texture of lava — the former I 
passing from a brittle aoiid into limpid fluid by heat, the latter 1 
passing like Bealing-wax through every intermediate degree of I 
viscidity. This difficulty could only be met by an exact deter- I 
mination of the question — how far a glacier is to be regarded 'I 
as a plastic mass ? Were a gia<;ier composed of a solid crj'stal- j 
line cate of ice, fitted or moulded to the mountain bed which 
it occupies, like a lake tranquilly frozen, it would seem impossible J 
to admit such a flexibility or yielding of parts as should permit I 
any comparison to a fluid or semifluid body, transmitting pres- I 
sure horizontally, and whose parts might change their mutud 1 
position, so that one part should be pushed .out whilst another I 
remained behind. But we know, in point of fact, that a glacier I 
IB a body very differently constituted. It is clearly proved by I 
the experiments of Agaasiz and others, that the glacier is not a I 
mass of ice, but of ice and water ; the latter percolating freely J 
through the crevices of the former, to all depths of the glacier ; I 
and as it is matter of ocular demonstration that these crevices, I 
though very minute, communicate freely v^th one another to I 
great distances, the water with which they are filled communi- t 
cates force also to great distances, and exercises a tremendous J 
hydrostatic pressure to move onwards in the direction in which 1 
gravity urges it, the vast, porous, crackling mass of seemingly I 
rigid ice, in which it is, as it were, bound up. I 

But farther than this, the experiments first announced in ] 
the earliest of these letters, shewed, that whatever be the con- I 
Btitution of a glacier, and whatever be the cause of its motion, 1 
THE FACT IS, that it does not move like a solid body sliding I 
down a bed or channel, but that the velocity of each part of I 
ha breadth is different. It was demonstrated by the most 1 
dew and plain geometrical measurements, that whilst the J 
centre of a glacier moves 500 feet, the side of the glacier moves 1 
only 300 ; consequently, the portions of ice which started ] 
together soon part company, and the central molecule haa com.- J 



SIXTH LETTER ON GLACIEHS. [1844. 

pleted its couree, or arrived in the lower valley, whilst the 
other, which was its companion, has advanced only tbree-Sfths 



of the distance, or remains perhaps several miles behind. 
Thus it has been shewn from multiplied measm'ements of the 
most precise and accordant kind, that a spriea of stones or 
marks being snpposed to be laid across a glacier in the line 
ABCDEFG ; they will be found, after a certain time, in the 
position ahcdefg, after other equal intervals at a'h'cd'e'f'g', and 
at a'h"c"d"e"f"g", by which time it will be seen that the neigh- 
bour particles have entirely changed their relative positions, 
and that the mass can have no pretension to be called rigid, 
but moulds itself after tlie manner that a fluid or semifluid body 
does in like circumstances — the centre advancing fastest, and, 
for some space in the centre, nearly uniformly, whilst the retar- 
dation produced by the friction of the banks is most intense in 
their neighbourhood, which is conformable to what we know of 
the movement of v^cous fluids. It is, therefore, no hypothesis, 
but a simple statement of a demonstrated fact, that the manner 
of movement of the surface of a glacier is not suck as is consistent 
with (Ae continuity of a rigid body, but that it coincides with the 
manner of motion of a viscous or semifluid body. Whatever may 
be the difBculty of conceiving the glacier to be a body thus 
constituted, the fact admits of no doubt ; — the effects of forces 
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^^lied OD a great scale to bodisB, are the best and only con- 
dOBive proofs of their real constitution, and worth all moleculu* I 
theories and minute esperimentfl put together. 

If a body be really of & pasty consistence, ductile and plas- ] 
tic like lava or tar, such transpositions taking place in the 
interior of the mass are effected without any injuiy to the tex- 
ture or continuity of the substance. With a degi-ee less of I 
plasticity, a violent separation of tho parts may take place, but j 
they will, by juxtaposition, soon reunite and take a new set. 
With a degree more of rigidity, there must be a permanent ! 
hrvaainfj and rending of the parts, in order that a semirigid I 
body may assimilate in all its movements to a Huid. It must, 
therefore, be considered as entirely confirmatory and explanatory I 
of the preceding statements of the seeming plasticity of a body I 
BO fragile in its elements as pure ice, that the ice of glaciers ib 
found rent in many parts by the forces tending to dislocation, 
and that, besides, it contains within itself a testimony to tlie 
internal partial movements by which its total motion is effected, 
in the veined structure already alluded to, occasioned by the 
varying velocity of the adjacent icy strips A a a' a", B h b' b", 
etc. This structure is not exactly parallel to the direction of 
motion of the ice, for reasons which I have elsewhere stated, 
but which need not now be adverted to. My present object is 
to shew, that the rigidity of ice, as a physical fact, cannot con- 
tradict the mathematical evidence of the manner in which 
glaciers do move, and that the seeming contradiction is recon- 
ciled by shovring, that the ice bears permanent traces of the 
violent stram to which it is subjected, and of the actual bruising 
and disaeverment of its parts, producing a phenomenon otherwise 
impossible to be explained. 

I believe that it is during the progress of the glacier thus 
anbjected to a new and peculiar set of forces depending upon 
gravity, and which remodel its internal constitution, by sub- 
stituting hard blue ice, in the form of veins, for its previous 
snowy texture, that the horizontal stratification observed in the 
higher part of the glacier or n4v4, is gradually obliterated. 
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If, as we cannot doubt, the slower motion of the glacier 
near its sides be owing to the retardation whJeli their excesehe 
friction occasious, there must necesBarily be a retardation at the 
bottom in a similar manner, and the surface of the glacier will 
move faster than the strata in contact with the ground ; to 
which it is even supposable, that, in some caaea, they may be 
entirely frozen. This retardation may, perhaps, be less than 
the lateral retardation, because the slope of tbe valley in which 
the glacier lies in probably more even, generally speaking, than 
if*i breadth is regular. In fact, so great is tbe irregulaiity of 
the ground-plan of any compound valley — so frequent the inter- 
fering ridges or promontories, the bays formed by adjoinmg 
tributary valleys — and so numerous the gorges or contractions 
-that we cannot properly call the lateral resistance to the 
onward motion of a glacier, friction, but rather a direct opposi- 
tion to the exit of a solid body, which renders its plasticity 
absolutely essential to its progression. Neverthelera, the infe- 
rior slope of the glacier bed being also irregular, and its friction 
great, must cause a retardation in the lower strata of ice, which 
must be continually overtaken by the superior ones : and this 
appears to me to be so plain and necessary a consequence of 
the combination of fat:t8 which we have to consider, that per- 
haps the direct proof of it would not repay the labour which it 
would involve, which would be of the most serious kind ; — for 
we must not expect to find the difference of velocity apparent 
in the superficial strata, even to a considerable depth, since we 
know that the retardation is a maximum near the sides and 
bottom, and that, for the same reason, the motion of all the 
central part of a glacier is nearly unifonn, so will the motion 
of all the part of the ice near the surface be nearly uniform. 

These considerations suggest the explanation of a difficulty, 
kindly suggested to me by a most competent judge, who ex- 
pressed himself at the same time persuaded of the truth of the 
"viscous theory of glaciers. " How comes it, that, if the motion 
of the different parts of a glacier diminishes from the surface to 
the bottom, the 'trou de sonde' or bore, 140 feet deep, made 
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by M. Agassiz in the glacier of the Aar, is stated to have re- 
mained vertical for a period of many weeks?" In the first 
place, the fact of the verticality requires confirmation ; for it is 
difficult to understand how, by means of a plummet, a hole 140 
feet deep, and only 3 or 4 inches in diameter, could have its 
verticality tested. Such bores, so far as I have seen them, are 
more or less twisted, owing to the softness of the material, and 
the method of working ; and it seems beyond all probability, 
that a hole of such a depth constructed in the ordinary way, 
should be either mathematically straight or vertical. I appre- 
hend that the verticality alluded to by M. Agassiz, or his 
coadjutors, is merely that of popular language, indicated by the 
boring rods standing vertically outwards when plunged into the 
hole, which, on account of their flexibility, would not be an 
indication of the verticality of more than the upper twenty or 
thirty feet of the bore at the most.* 

But, even setting aside this important consideration, the 
principle of the variation of velocity being chiefly confined to 
the neighbomrhood of the sides and bottom, and the compara- 
tively quiescent and passive state of the central and superficial 
part, seem sufficient to explain the facts within the reasonable 
limits of error. The depth of 140 feet appears, from M. 
Agassiz's own observations, not to exceed one sixth, at most, 
of the depth of the glacier of the Aar in that part. Now, let 
ABC, etc., represent points in the vertical section of the 
glacier ; then, from all that we know of the superficial motion 
of glaciers, or of the parallel case of rivers whose velocity has 
been ascertained at difierent depths, the velocities will vary 
in some such manner as A a, B i, C c, etc., — the variation 
being scarcely sensible at first, and very rapid at the bottom, 
where the velocity may even be zero, if the curve be prolonged 

* Since this passage was written, I have had an opportunity of referring to the 
description of the experiments of Agassiz in the JSiblioth^qtie UnivtrseUe ; and I find 
that there is no evidence whatever of the continued verticality of the bore of 140 
feet, which existed (to that depth), I believe, but a few days ; the observations of 
continued verticality, such as they are, applied to small bores only, not exceeding 
25 or 30 feet, which, of course, greatly increases the force of the reasoning in the 
text. — Aug. 1844. [See also page 30 of the present volume.] 
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to the point A. But, supposing G to be the bottom of the 
glacier, it will be seen how insignificant may be expected to be 




fig. 10. 



the variation of velocity between A, the surface, and B, one- 
sixth of the depth, during the short period of a few weeks, or 
even months. 



VIII. SEVENTH LETTER on GLACIERS* — On the 

Veined Structure op the Ice. Addressed to the Rev. 
Dr. Whewell, Master of Trinity College, Cambridge. 

Mechanical Considerations tending to explain the Forms of the Veined Structure 

under different Conditions. 



« 



« 



Salekno, May 18, 1.844. 
« « « 



You object that the shells produced by the rupture of the parts 
of the ice caused by excessive friction should be all parallel to 
the sides and bottom of the trough of the glacier, instead of being 
incUned from the sides inwards and forwards towards the centre, 
as in fig. 11, and from the bottom upwards and forwards, as in 




Fig. 12. 



Rg.ll. 



fig. 12. You will find that I have endeavoured to explain this 

* Edinburgh New Philosophical Journal, October 1844. 
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in the last chapter of my book of Travels ; but not having 
by me, I cannot refer you to the particular pasBagee. The 
point in question is undoubtedly the least obvious and most 
difficult part of the theory, but as I have no doubt of its exact- 
aess, it will have a proportionate weight in deciding in its 
favour the opinion of persons accnstomed to mechanical theories. 
It mould be difficult to bring it home to the apprclienaion of 
onKnary readers ; and, for this reason, I have dwelt upon it, 
perhaps, too shortly in the chapter alluded to. 

Toil will readily admit, that if I shall demonstrate separate 
reasons for the existence of each of the stnictures figured 
above (the first a plan, the second a section), the result will 
be the spoon-shaped structure which I have shewn to exist in 
glaciers. 

(1.) The tearing asunder of the particles of the glacier 
oiring to the friction of the sides is marly but not quite, parallel 
to the sides ; for this reason, that the Imes of greatest strain are 
determined, not merely by the force of gravitation which urges 
[he particles forwards, but there is a drag towards the centre of 
the stream, in consequence of the greater velocity there. 
j^ Let A B be the side of the 

^ glacier, whilst the particle a 

a >.n:V.V:;::-.,^_ a moves to a, the central par- 

»"" tide h moves to b', which, 
*■ ^ owing to the cohesive bond 
between a and h, must pro- 
^ ^ duce a strain oblique to the 
^'^ '^' . axis of the glacier. 

Or view the matter thus — the movement of the ice stream 
(considered just now solely as respects its surface), is effected 
against a varying resistance. The line of particles in the direc- 
tion a a. present a greater force of opposition to the movement 
of the particle a, than the line of particles b0 present to the 
movement of b. This is owing to the lateral friction acting 
more powerfully in retarding the first than the second ; conse- 
quently the virtual wall of the glacier, or plane of complete 
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re»stance, win be no longer A By but ineBned {&fr the particle 

m) in tbe direction A^ B^. 

K this reasoning reqnire snppoft firran experiment, it is 
easily had. I hare described, in a fool-note to my last chapter, 
the experiment of dusting powder upon a moving viscous 
stream; and oar Mend Heath has now a specimen of the 
result, ^wing the fines of separation in the direction I have 
stated. The same is remarkably diown in the case of a stream 
of water, for instance, a mill-race. Although the movement of 
the water, as ^lown by floating bodies, is exceedingly nearly 
(for small velocities, sensibly) paralkl to the sides, yet the 
variation of speed firom the side to the centre of the stream 
occasions a ry^pU or mcdecnlar discontinuity, which inclines 
forward from the sides to the centre of the stream at an angle 
with the axis, depending on the ratio of the central and lateral 
velocities. The veined structure of the ice corresponds to the 
ripple of the water, a molecular discontinuity whose measure is 
not comparable to the actual velocity of the ice ; and, therefore, 
the general movement of the glacier, as indicated by the 
moraines, remains sensibly parallel to the sides.* 

(2.) If I have explained myself distinctly as respects the 





Fig. 14. 



fissures produced by lateral friction, there will be little difficulty 

* I have lately identified completely the planes of separation in the lava 
streams of Etna, which correspond perfectly to those of the glacier, being nearly 
▼erticnl at the sides, and directed slightly towards the centre of the stream. 
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in applying the same reasoning to the resistance of the frontal 
dip, exhibiteil in the second figure of this letter. When a 
fluid, or semi-fluid, is very viscous, there is a great resistance 
to ils onward motion in the direction which gravity and the 
y of the bed prescribe. Let L M be tiie surface, N the 
bed of a glacier ; then the resolved force is usually considered 
as acting on the particles m n, in the directions m m, n n, 
parallel to the bed. But if we reflect that, owing to the length 
fif tlie glacier, and the toughness or consistency in its mass, the 
tesiBtanee of the line of particles n v is enormous, the plane of 
complete resistance N will virtually be twisted in the direc- 
tion N' 0', and the particle tends to lie thrust forwards and 
«pwfli'(&, which will evidently produce the frontal dip. 

(3.) But there is a peculiarity in the vertical plane whieli 
did not exist in the horizontal one. In the case we Grst con- 
bidered, the veined structure exists almost entirely in the neigh- 
bonrhood of the sides of the glacier, and is lost towards its 
cenire, being due to the influence of friction, which varies with 
tiifl (iistance from the side; the central part, efgk (fig. 11), 
moving nearly uniformly, would cease to exhibit a linear ar- 
rangement. The completion of the curve is due to the influence 
of the curvilinear bottom, combined with the opposing mass of 
the glacier in front ; and this 
influence will extend to the very 
Biiriace, as a little consideration ,„,/ 

*iil show. For, resuming tlie m.-/ 

Mnatniction of fig. 14, since a m^/*./ 

^finical series of particles, mi.. fl7..x 

•"s (6g, 15) are supposed to be ..."-"'' '"^^^ 

*cte(] on by a force partaking of Nf|Trrr>--r^_ ""'^ 
the nature of hydrostatic pres- ^'^IvL^OXlTtTrrTTT---..^ 
sore, derived from a great eleva- ^^" VUUU' 

'ion, each particle is ready to Fig, is. 

move onward in the direction in which the effective pressure 
16 greatest ; and it ia plain, that, owing to the diminishing rela- 
tion between the weight of the superincumbent particles and 
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the frontal reeiBtance, the direction in which the particles will 
tend to slide over one another, or to produce rente, will approach 
vertieality at the surface, and on the whole will, therefore, tend 
to produce lines of discontinuity, such as N M. 

(4.) Considering the glacier at different points of its length, 




it is evident, hy similar reasoning, that near the region of the 
neve a the frontal dip will be all but vertical, because there the 
horizontal resistance is enormous ; whilst at the lower end 6i 
where it tends to vanish, the shells will tend to paralielism with 
the bed. It is needless to add, that the relative movements of 
the particles ovfir one another, producing discontinuity, are not 
to be confounded with their absolute motions in the glacier, 
exactly as imder head (1,) I must, however, observe, that as 
the tendency of any particle due to the hydrostatic pressure will 
be to describe ultimately the whole curve N m^ M within the 
glacier, this may account for some of tie facts, or supposed facts, 
which indicate a tendency in the ice to expel bodies engaged 
in it, as well as the convexity of the glacier at all times, and its 
remarkable rise of surface during winter. 

■ Lastly, The ablation of the surface of the glacier during its 
descent irom a to J (fig. 16) will tend continually to give the 
observed elongated forms of the superficial bands, by cutting the 
shells of structure obliquely. 
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a EIGHTH LETTER on GLACIERS * addressed to Pro- 
fessor Jameson by Professor Forbes. 

ObMrwtiona on tlie Motion of the Glacier of Alelsoh — Eiperiments on the PlaB- 
ticitjof tbc Ice oftlie Mer de Glace, by Ubsemng tbe Distortion of a Limited 
Spare of Ice devoid of CreTasaca — MoTemeat of a Glacier of the Second Ordei" 
BOOO Feet ahoTO tbe Sea. 

Gerbta, 30tb August 1844. 
My Dear Sir — The theory of glaciers has now reached that 
pwnt when it can only receiTe some material addition by the 
multiplication of accurate measurements ; and these meaaure- 
meDta must be conducted in the manner which will best discri- 
niiute between rival hypotheses, and, if possible, yield direct 
inrtead of indirect proofs of each fundamental fact assumed. In 
oy former letters I have insisted sufficiently upon the import- 
snce of the results which a system of nice measurement has 
inttoiiuced into this branch of science, and their value to the 
tlieorist who afterwards wishes to put numerical for untnown 
qmntities in hia investigations ; I also showed that there is a 
Mntjnuity and approximate constancy in the motions of glaciera, 
"■hich permits us to obtain, with certain precautions, in a few 
i^ya, better results than any one had previously acquu-ed during 
Ita lapse of months or years. I have now to announce to you 
ttat I have pushed these measurements to a still greater degree 
of minuteness, and with results which show that the methods I 
bsTe employed are trustworthy, and are able to afibrd the direct 
wbtion of questions which at first appeared to admit of only 
tuiirect or inductive proof. 

Of this class, by far the most important appeared to be the 
miCDer in which the glacier altera its form in such a way, and 
'o Buch a degree, as to suffer its central portion to descend 
•owards the valley with double or treble the velocity of its 
lateral parts. Such, for instance, I have found to be the case 
"1 the middle region of the great glacier of Aletsch, where its 
inclination is small (about 4°), and where the continuity of the 
* Edinburgh New PhitosophicBl Jonrual, October 1844. 
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ice with the side wall is preserved without the interference of 
large fissures. I there found that, whilst the velocity of the ice 
at 1300 feet, or about a quarter of a mile, from the side, is 14 
inches iu 24 hours ; at 300 feet distant from the side it was bnt 
3 inches in the same time ; and, close to the side, it had nearly, 
if not entirely, vanished. Facts like this seem to show, with 
e\'idence, what intelligent men, such as Bishop Rendu, had only 
supposed, previously to the first exact measures in 1842, that 
the ice of glaciers, rigid as it appears, has in fact a certain 
"ductihty" or "viscosity," which permits it to model itself to 
the grotmd over which it is forced by gravity — ^and that, re- 
taining its compact and apparently solid texture, unless the 
inequalities be so abrupt as to force a separation of the mass 
into dislocated fragments, such as it is well known that every 
glacier presents, when the strain upon its parts reaches a certain 
amount — as when it has to turn a sharp angle, or to descend 
upon a rapid or convex slope. 

The mutual action of the parts of the glacier, the drag 
which the centre exerta upon the sides (and, by an exact parity 
of reasoning, the top upon the bottom), seemed to me so ob- 
vious, after measurement had proved their vuriable velocity, and 
observation had shown that this was not necessarily accompanied 
by a general dislocation of the mass — that I should scarcely 
have thought of attempting a direct proof of the yielding and 
ductile noture of glacier ice, had I not been favoured by Mr. 
Hopkins with copies of his two ingenious papers on the subject 
of glaciers, read to the Cambridge Philosophical Society on the 
1st May and 11th December 184.3, which were put into my 
hands here less than a month ago, by his friend Mr. Williamaon. 
I there found it stated that there is " a necessity of proving, by 
independent experunental evidence, that glacier ice does poBHera 
this property of aemi-Jtuidky or viscosity, if we would attribute 
to that property the effectiveness of gravity, in setting a glacier 
in motion," — First Memoir, p. 3. 

Since Mr. Hopkins admits the fact of the swifter central 
motion of the glacier, he must have recourse to some mechaui- 
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eal ezplanation of the fact. This he does by assuming the 
existence of vertical fissures, parallel to the sides of the glacier, 
dividing it into a series of longitudinal stripes, whose adjacent 
eurfaceB, according to him, slide over one another, and, in the 
case of a glacier forcing its way through a gorge, the lateral 
portions are altogether arrested, whilst the central parte slip 
down between them.* 

These parallel stripes of ice are supposed by Mr. Hopkins 
to be of considerable breadth, and to have no sort of analogy 
with the ribboned structure, to which the readers of my earlier 
letters will recollect that I have ascribed a similar origin, being 
linea of discontinuity arising from the crushing of one portion 
of the semirigid glacier past another. This Mr. Hopkins 
regards as " no more possible than that a mass should per- 
manently maintmu a position of unstable equilibrium." The 
veined structure of glaciers he considers to be unexplained, and, 
in the present state of science, inexplicable. 

Although the general absence of such a system of longitu- 
dinal fissures as Mr. Hopkins has figured in page 14 of his First 
Hemoirj and the regularity and continuity of motion of the 
glacier and of its parts, wholly inconsistent with the jostling of 
huge masses of dislocated ice, might be considered as a sufficient 
answer to this modification of the theory of Dc Saussure, 
tije consideration of this demand for a direct proof of the flexi- 
bility of glacier ice led me to think of its practicability ; and I 
AbU now state what I have succeeded in doing, towards the 
solution of this practical question in the only way in which it 
admits of being treated, namely, by the assiduous observation of 
the motion and cliange of form of a small compact space of ice 
M a glacier. The Mer de Glace of Chamouni offers fewer fit 
points for such an experiment than many other glaciers, since in 
sll its middle and lower portions the ice is excessively crevassed 
Bear the sides. There is one spot, liowever, between the 
"Angle" and Trelaporte, below the little gJacier of Charmoz, 

» [Mr. Hopkins' Egures arc reprodnoed fn Plate 11., figs, I, 2, nnd are refprrc-il 
^ ^in, Uter in tb» Tolame.l 
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where the ice is extremely flat and compact for a Bpace of about 
seventy yards in width, and several hundred yards in length, 
which ia wholly devoid of open crevasses, and where I expected 
to find the variation of velocity from the side towards the centre 
veiT sensible, because the veined structure is there more per- 
fectly developed than in any other part of the glacier. In this 
anticipation I was not disappointed. The ice in question is 
separated from the western moraine of the glacier by a space 
deeply crevassed 50 or 60 yards wide. The entire breadth of 
the glacier ia here at least 800 yards. The central part has 
great transversal crevasses due to the rapid descent of the 
glacier where it Bweeps round the promontory of Trelaporte 
immediately above. There is no trace of longitudinal fissures 
of any kind, except the true blue veined or ribboned structure, 
which, as already mentioned, is here exceedingly developed ; 
giving to the even part of the glacier already specified the 
appearance of exquisite veined chalcedony of an aqua-n 
colour ; and the vertica] plates of ice thus subdivided i 
distinct as to produce a true cleavage when the ice is broken by 
a hammer or cut with an axe. When the glacier is wet, the 
blade of a knife may be introduced to a depth of some inches 
between the lamiufe, which are commonly not more than a 
quarter of an inch apart. 

I fixed in a line transverse to the axis of the glacier six 
stations. Over the first of these the theodolite was regularly 
centred, in order to observe the relative motions of the others, 
which were respectively 30, 60, 90, 120, and 180 feet distant. 
Finding that, even in the course of a single day, the accelera- 
tion of the more central parta was evident, and the six points 
in question formed a portion of a continuous curve, I subdi- 
vided the first 90 feet from the theodolite into 45 spaces of 2 
feet, each of which was marked by a perforation in the ice 
into which short pins could be accurately fitted, and the de- 
jvrmation of this straight line of 90 feet in length was carefully 
observed at short intervals. The errors of the original places 
of the marks were determined by a simple but nice process, and 
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their daily progress was similaily noted. I have now befora 
me the registers and also tlie graphical projections of the actual 
places of tliis portion of the curve of flexure of the ice, cleared 
of the errors arising from the movement of the theodolite, which 
was itself placed upon the ice, which error was independently 
determined. Yon will prctliably be surprised when I state, that 
in seventeen days, the part of the glacier 90 feet nearer the 
centre than the theodolite, had moved past the theodolite by a 
space of 26 inches, and the intermediate spaces in proportion. 
When I was rehictantly compelled to cease my observations on 
the 45 marks, they had, in the course of six days, formed a 
beautiful curve slightly conrex towaids the valley ; and as the 
vertical wire of the theodolite ranged over thera, then' devia- 
tions from a perfect cur\'e were slight and irregular, nor was 
there any great dislocation to be observed in their whole extent j 
proving the general continuity of the yielding by which each 
■was pushed in advance of its neighbour. During these six 
days the 45th mark had shifted 10 inches ; and besides this 
obliquity of the line of pins {=: 31' 46"), they had a convexity 
whose versed sine was about an inch. All this, viewed in 
prospective with the theodolite, left no remaining doubt as to 
the plasticity of the glacier on the great scale. 

Lest, however, the convexity should have been too small, 
in BO short a time, to admit of measurement, I had provided 
another test, in order to show that the progressive advance- 
ment of the line of marks was due to the actual deformation 
of the ice, and not to the mass of the glacier in this part 
revolving round some fixed or moveable centre. For thia 
purpose, I fixed a mark in the glacier, 20 feet from the 
theodolite, and in a direction perpendicular to the be fore - 
mentioned line of marks. It was, therefore, seen from the 
theodolite in the direction of the length of the glacier, and, 
consequently, was not liable to displacement by its motion. I 
measured, from time to time, the angle between this mark 
and the several marks transverse to the glacier, and I found 
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that this angle became continually, and witliout any exception, 
more and more obtuse. During seventeen days, it revolved 
through an angle of about a degree and a half. 

I reserve to another opportunity the publication of the 

tailB of the measurements and the graphical projections, 
which, offer, when minutely examined, some interesting pecu- 
harities too long to specify. The main conclusion is, that even 
the most compact parts of the ice yield to pressure, and that 
where no fissures exist, there is a sliding of the parts of the ice 
over one another, or else a plasticity of the whole mass. With 
the abundance of blue bands before us in the direction in which 
the differential motion must take place (in this case sensibly 
parallel to the sides of the glacier), it is impossible to doubt that 
these infiltrated crevices {for such they undoubtedly are) have 
this origin, and are the main mechanism of the forward motion ; 
but it occurred to mc, on one occasion (the 23d August), to 
obtain all but ocular evidence of the fact. Standing at the theo- 
dolite with an assistant, we heard a dull noise in the ice within 
a very few feet of us, attended (I think) with a slight tremor, 
and followed by a rushing and hissing sound. As we were 
very near the great crevasses of the moraine, it was, no doubt, 
a subsidence of a portion of the glacier, and the rushing was 
occasioned by the more rapid flow of the superficial streamlets 
in the direction of increased inclination of the ice. I instantJy 
searched in all directions, but in vain, for the slightest evidence 
of the fracture of the ice. All tliat I could see was, that where 
the veined structure was best developed, innumerable air bubbles 

:aped through the superficial water, which was slowly imbibed 
in those parts where the strain had expanded the ice, and thus 
enlarged the capillary fissures between the blue bands. 

Mr. Hopkins has done me the honour, in the memoirs before 
alluded to, to mention with approbation ray obseiTations and 
experiments on the subject of glaciers. He has been more 
sparing either in praise or criticism of the theory which 1 have 
founded upon them. Had Mr, Hopkins applied himself with 

lal care to that as to other parts of my writings, he would 
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have observed coincideDces in our views which he appears not 
to have noticed ; and he would probably have hesitated before 
laying down so broadly as he has done an objection to the 
Viscous Theory, very easily refuted, and some peculiar views 
which he considers distinctive of his manner of considering the 
subject, from De Saussure's and my own. I shall probably, on 
another occasion, endeavour to show that, by following out his 
own principles, the results must inevitably merge in mine, when 
what is inadmissible shall have been subtracted. 

P,8. — The influence of the Dimension, Slope, and absolute 
Elevation (or surrounding temperature) of glaciers upon their 
motion, is a matter of observation in detail which oflers no 
peculiar diflBculty, and which deserves to be extended. Having 
measured the rate of motion of perhaps the largest glacier in 
Switzerland (the Aletsch), I have also measured one of the 
smallest, a glacier of the second order, near the Hospice of the 
Simplon, almost 8000 feet above the sea, and not many hundred 
feet in length. The velocity was little more than an inch in 
twenty-four hours, a result corresponding with the extreme 
dryness of the nSv4 at that elevation, indicated by the very 
trifling issue of water from beneath, and to the insignificant 
vertical pressure of so small a mass, notwithstanding its consi- 
derable slope. A similar result, it must be owned, might be 
expected in this case upon almost any theory. 
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BamaTki on Ihe Heoant OIiBervationB made on the-Glacier of the Aar (in 1344) by 
direc^'o-l of M. Agassiz. New ConSrmation of the riastic Theory. Condeii' 
satioD of the Glacier in its donnn-ard course in conBcquenco of Fiuntal Segii- 
tance — Cuntinnity of Molio^ — Motion accelerated in Fine Weathpr— ExaeMof 
Central Velocity of iha Glocior— Motion of Glaoiars of Second Order, and of 
Snow Beds. 

EuiBBUBOii, 7th March 1845. 

My dear Sir — However satisfied one may be with thfi con- 
cluaiveness of their own experiments, it is always pleasing when 
they are confirmed by others even in their minuter particnlara, 
especially if the observations have been made in {urcumstances 
at all different. In this respect, I find with pleasure, from a 
communication read at the Institute on the 9th December last, 
that M. Agassiz's coadjutors on the glacier of the Aar have 
obtained results so perfectly accordant with those which you 
have done me the favour of publishing oh former occasions, that 
they would have satisfactorily established, had earlier observa- 
tions been awanting, the viscous theory of glacier motion with 
which alone they are reconcileable ; the single seeming antago- 
nism to my own measurements bemg one which tells still more 
in favour of that view. 

T propose to give a brief summary of these results, and to 
show their correspondence with my own. This correspondence — 
amounting almost to coincidence — is, of course, to me, a satiR- 
factory guarantee for their accuracy, as far as they go. By 
others, the goodness of the instruments, and the expertnesa of 
the observers, must, in the mean time, be taken for granted. 

It is hardly necessary to premise that M. Agassiz and his 
friends now admit that all glaciers move fastest at the cen^ 
and slowest at the aides. 



' Edinburgh Kew PhiloBophiei 
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But a new fact still less reconcileable with ihn dilatation 
tieorj resulted from the first attempt to apply geometrical 
measurement to the motions of this glacier ; viz., 

I. The glacier of the Aar moves Jastest in its middle region, 
and alower in its upper and lower regions (i, e. towards the 
origin and termination). The slowness in the upper region does 
not BO plainly follow from the facts at present before us, but the 
tetardatiou towards the termination of the glacier is undoubted. 
The following are the motions originally ascertained, in f ths of a 
year, or, more exactly, 289 days. We prefer retaining the 
original measures in Swiss fiet/ the etations are in descending 
order, and a quarter of league (4000 feet) apart * (the second 
in order indicates the rock called Hotel des Neufchitelois. 
169.2 Swiss feet. 
177.1 
141.3 
150.1 
133.1 
83.7 
58.3 
B result is very different numericaUi/ from that which I 
obtained on the Mer de Glace of Chamouni, but the difference 
"1 of the kind wliich might have been expected from then: great 
diversity of situation and circumstances. 1 never expected, or 
pretended to find ia the Mer de Glaee the same peculiarities of 
'elocity as in other glaciers ; on the contrary, I endeavoured 
'o show t what were the local peculiarities as to slope and 
iTfadth, which probably produced the law of variation of the 
motion which 1 observed, slowest in the middle, and quickest 
towards either cud, precisely the reverse of that observed by 
U. Agassiz ; but I neither depreciate the accuracy of his sur- 
^syor, nor contend that one cause of motion sways the glacier 
of the Aar, and another that of the Monfan/ert. On the con- 
', the difference appears to me entirely conformable to the 

* Bnlletin de la Societc dc Neurdiatel, Stb Noictulcr 1H43. 
t Travels ia Iho Alps, p. 145, 371. 
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viscoua theory ; and the glacier of the Aar, in this respect, a 
more instructive example than the Sler de Glace of Chamoimi. 
I liave shown in one of the passages of my work just cited, 
that the velocities of the different portions of the glacier depend 
among other things, on their incluiation or slope ; and hence, ] 
, should have inferred, that in a glacier which did not elope fastei' 
and faster towards its lower end, till it becomes almost precipi- 
tous, there would be accumulating resistance due to the friction 
of the ice on the bed of a long, nearly uniform, gently sloping 
valley, such as that which contains the glacier of the lower Aar, 
which must magnify the tendency which the ice has to be 
squeezed forwards and upwards against the mass immediately 
ill advance of it, which produces ih^ frontal dip of the ribboned 
stnictui-e or slaty cleavage of the ice, in the way that I have 
explained in my Seventh Letter.* In a glacier then, whose 
slope ia nearly constant and small, I should expect a condensa- 
tion of the ice longitudinally, and a swelling of the surface de- 
pending upon the motion of the plastic ice in the direction of 
least resistance. Now this is exactly what we have in the 
rcBultB of measurement. If the annexed figure represent the 




plan of the glacier, and the ice be divided into imaginary com- 
partments by vertical sections; since, whilst AB moves 177 
feet, CD moves but 141 feet, there is a condensation of the 
moss of ice A BCD, fi-om back to front, of no less than 36 feet 
in that time, and so for the successive slices EF, etc. How- 
then, is tiiis shrinking to be accounted for? Not by the mere 
• [See page M.'i 
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internal mcltiag, for tliat would produce merely a loweriug 
Ihe surface, and a subsidence of the level of the ice ; such as 
have shown* actually takes places in other glaciers whose 
sections move with increasing velocity on the whole. There is 
only a vis h tergo which can approximate the sections together, 
nnd. as we read in the Comptes Rendus, squeeze the moraine 
longitudinally, giving it a greater breadth.f and condense the 
entire body of the ice so as to make it more compact in texture. ( 
If we take a veriical section instead of a plan (sec nest page), 
the slice abed must he condensed into tlie higher and shorter 
solid cdef, and 60 of the rest, and the surface will be a swelliDj, 
one, as acen, which might even Tisu towards valley, hot 
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generally need only be less sloped than the bed. The effect 
superficial thaw and internal subsidence diminislieB this agail 
and gives it the form of the dotted curve an'. 

In these diagrams the varying velocity in different parts 
the transverse section is, for simplicity, kept out of view, 

A retardation of the foremost portion of a viBci<l Btream, 
consequent heaping of its surface, is exactly imitated in the 
lodcls formed of plaster of Paris, which I have elsewhere 
described, and which, though of tiniform fluidity from t'nd to 
end, and therefore not subject to the objection arising from tho 
cooling of lava, where a prcci-wly similar fact is observed, repi 
duce faithfully the motions of the glacier of tho Aar. 
• Travola, p, 153. 
amines meiUiineB a'clarKiSAent ilanR \a nifuie pnijHjrl 
rnlenlit," Complea IlriicIiiFi. 9lli D«c. 181-1, p. 181)1. 
( IHil, p. l3(W,linelS, 
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The fact established on tbe glacier of the Aar satisfactorily 
refutes the notion that a predominant state of compression in a 
glacier is incompatible with the existence of transverse crevasses. 

II. Continuity of motion. Until recently it was a question 
entirely tinreso'ved, whether the glaciers move by insensible 
and nearly uniform ilegreefl, or whetbcr they start forward by 
short jerks, as might be expected if the movement in theu" 
irregular channels were effected by piecemeal fractures, Inoa) 
subsidences, and the justhng of independent fragments. Accord- 
ingly, when 1 determined, for the first time, in June 1842, the 
absolute continuity of the motion down even to the interval of 
an hour,* it seemed impossible to reconcile this to the only 
modification of De Saussure'a theory applicable to the case, and 
the fact seemed to point, as a necessary consequence, to an 
insensible yielding of parts throughout the whole mass, which 
therefore moves as a whole, and not by jerks occasioned by 
strains upon a nearly rigid mass when they attain the limit 
consistent with the small play of flexibility of the particles, as 

■ Bome authors would have us believe-f 

It is satisfactory to have an entire coufiimation of these 
particulars, from the observations made on the glacier of the 

I Aar in 1844. The observations were made " to the accuracy 
of a millimetre on tbe movement of the glacier from h&ur to 
AoMr,"J and "at the lower extremity of the glacier, as in the 
upper part of its course, the glacier does not advance abruptly, 

I by jerks {saccades) as formerly § supposed, but its march is 

I gradual and continiwus."\\ 

III. ITie infiueiice of warm and damp weather in. accehra^Jig 
f the continuous march of the glacier, and of cold weather in 
I checking it, 1 deduced in 1842 from a careful comparison of its 

• See flrat Letter on QlaGiera, [p. 1 1 of tliia volume.] 

t Mr. Hupkins' experiment of a box full of ice deiicendiug an eren plane, does 
not Hpplj lo this case, becanse, tliougli it moves a> a wluie, it does bo withont 
ohungo of figure, and witbont tlie resistance arising Irom the irregularity of tbe 
ohanoel of a gliKiur ; and lieuce tliti seeming auulogy to a glacier entirely faila. 

t CoropleB RenduB, p. 1302, line 12. 

5 JacUa. It is to bo inferred that tha writer meant prdvioua to 1B42- 

/ Comptea Rendas. p. 1303, line 9, 
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motion for three monthB with the state of the thermometer, 1 
and exhibited the result id numbers and diagrama.* Here, .1 
B^ain, the observers on tlie Aar glacier have confirmed this fact, | 
BO important in a theoretical point of view. " The advancement j 
ot the glacier," they aay, " was far from tniiform ; it varied 1 
wnaiderably, according to the condition of the aimo6])hero." 
During nine days of cold snowy weather in August 1844, the j 
mean daily advance was 15d millimetres, but during the sixteeo I 
fine days which followed, it moved through 230 millimctreB 1 
per day.t 

It is worthy of ivmark, that the entire annual motion of I 
the part in question of the glacier of the Aar was ascertained [ 
to be 60 metres, or 164 miliimetres per day. J Now the meaa I 
motion during 35 days of August and September was 203 1 
miUimetres, or but one-Jbttrtk above the aannal mean (and | 
during part of the time, we have seen, it fell to 165 millimetres, J 
or below the annual mean) ; proving sufficiently that the annual I 
motion is not entirely effected during the warm season, and that \ 
even in winter it must bear a very sensible proportion to its 
summer motion, as it has been directly proved in the case of i 
the Mer de Glace of Chamouni.§, 

IV. T/ie exlreine inequality of motion of the central anSW 
lateral parts of ghders is the best direct proof of the v«ry f 
considerable plasticity of their ma«s ; and in tlie paper befun) 
UB this is shewn, in a still more striking manner, than in the 
experiments which I have published. A glacier, like (he Mcr 
de Glace of Chamouni. has eo considerable a velocity {on aa 
average at least three time« that of tUe glacier of the Aar), iJjat 
the ice is impetnousl; borae along, and torn from the ■ 
the expense of immmerable heeatioat aod cwrrawie t , th> tl 
m the whole extent oT the middle and lower refpon* of I 
glacier, in no plaee do tbe ice and gromid muH wiUMUt I 

• Ttenb ia the Uf. f. !««. f CcHfte Km 

} Tnt«li U tbe Alp*, p. Iftl. UMi mi FUfc UUi 
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former being more or luss fiflBured hy rents. But tlie contrary 
is the case on tlie great glaciers wiiich move on small slopes, 
and witli smaller velocities ; and the discovery of this fact 
rewarded me for the labour of a short visit whiuh I made the 
Great Alctsch glacier, in July 1844, when I ascertained, not 
merely the small daily progress of the mass of the glacier, but 
the astonishing retardation produced by the sldeft, whilst the 
surface remained compact and wholly nndivided by longitudinal 
crevasses. In that case, I found that, " whilst the velocity ol 
the ice at 1300 feet, or about a quai-ter of a mile from the side, 
is 14 inches in 24 hours, at 300 feet distaTit from the side it 
was but 3 inches in the same time ; and close to the side it had 
nearly, if not entirely, vanished,"* Now this observation, a 
hasty one, and which, therefore, I am happy to have confirmed, 
is more than borne out by the observations on the glacier of 
the Aar, detailed in the Comptcs Rendus, and which were 
made shortly after. The movement of the centre of the glacier 
is to that of a point 5 metres from the edge as fourteen to 
ONE ; such is the effect of plasticity ! Thirteen-jhurteentha of Ae 
motion of the glacier of the Aar are due to the sliding of the ice over 
its own particles, and one~f)Urteenth only to its motion over the soil. 
V. Motion of Glaciers of the Second Order. It is a question 
of considerable interest to know how those small glaciers, called by 
De Saussure glaciers of the second order, advance, compared to 
the great ice masses which fill the bottoms of valleys. These 
little glainers, on the contrary, are usually isolated, extending 
but a small way, occupying a nook or niche in a mountain side, 
and though persisting in their occupancy, and shewing signs of 
motion and activity, like other glaciers, yet stretch forward but 
a small way, then cease abruptly, as if foiled in the straggle to 
join then- icy contribution to the magnificent glacier which often 
fills the valley immediately below theni.f Their isolated 



• Eighth Lcllpr ■ 
Toltime]. 
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position, their great absolute height, and their usaally very 
Bleep declivity and small surface, give considerable interest to 
tlie determination of their rate of motion, at least approximately. 
Accordingly, I seized the occasion of spending some days in 
Jnly 1844, at the Hospice of the Simplon (already at a height 
ofS600 feet above the sea), to examine and measure the pro- 
gress of the small glacier which hangs from the slojic of the 
Sdionhom, immediately behind it, and 1400 feet higher. I 
mtend to give elsewhere a minute account of this glacier, and 
Bij observations upon it ; but in the mean time I may state that 
one of the marks observed, at a point having an inclination of 
10", moved at the rate of 1.4 inches in 24 hoiu^ ; and another, 
»tui inclination of 20", moved 1.8 inches in the same time. 
Tiia small result is quite conformable with the dry and powdery 
condition of such elevated glaciers, yielding little water, and 
apable of exerting, on their under parts, a very trifling hydro- 
•Wio pressure.* 

Exactly analogous results were obtained by M. Agassiz's 
wadjutoTS at a somewhat later period of the same year. The 
esperiments are fully detailed in the Comptes Rendus ; t and 
tte conclusions which are dedncible from them, are— (1.) That 
tie daily motions of these small glaciers, which rested on beds 
» highly inclined as from 15° up to 33°, are included between 
20 and 72 millunetres (0.79 to 2.84 English inches) per diem. 
m The observers think that their observations go to prove 
liat when these glaciers are prolonged far enough to meet the 
main glacier below, and to unite their streams, then the lower 
part of the tributary glacier, or that nearest the point of union, 
moves SLOWER than the upper part, or that nearest the origin 
of tlie little glacier ; but, on the (;ontrary, if the glacier be 
pendant on the slope, and the lower end decays away without 
joining'the principal, then the inferior extremity moves faster 
than the origin. Now the cause of this variation in the two 



* This eiparinieiit is briefly mcnti 
t ?- ia03. and l»o fuUowing (iHgta. 
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cases (should the fact really appear to he general, aa is not im- 
ikely, provided the lower station be always cIioboh low enough) 
seems to he, that the main glacier resists the interference of its 
tributary with its course, and consequently represses its stream, 
causing a heaping up in front, such as mere friction on a low 
inchuation alone produces, and is thus in conformity with the 
viscous theory. In the other case, that of the/rw glacier of 
the second order, the difference of velocity at the upper and 
lower station {one-seventh part only) is not more than the dif- 
ference of slope (15" and 25°) will readily explain. 

VI. Movements of Bas-Nivis or SnoK-beds. One observa- 
tion remains which completes my analysis of the measures 
of M. Agassiz's coadjutors. It is one of considerable interest, 
and I beheve is new. It ia the establishment of the fact that 
the highly inclined beds of old snow, formed by avalanches, 
which lie unmelted in the ravines, without assiuning any external 
trace of glacial structure, have a proper motion of their own. 
This, though to me not unexpected, is very interesting ; for the 
most attached advocate of either the dilatation or the sliding 
theory, will hardly maintain, on the one hand, that the congela- 
tion of soft snow could act here as a propelling force, or on the 
other, that the motion can take place without acceleration in 
the totality of a mass, inclined {in this case) at an angle even 
of 43°, over the bed on which it rests ; especially since the 
actual movement under this enormous inclination was only 7 
millimetres, or three-tmths of an inch, pet day;* or one-tkirtielk 
of that of the great glacier under an inclination of but a few 
degrees. The velocity increased towards the lower extremity, 
as in the free ghicier of the second order. On the plastic theory, 
this evidently presents the extreme case of a body, approaching 
in its nature to a soft heavy powder slightly moistened, which 
gives way by the yielding of its parts, and so far resembles a 
fluid (as a bank of earth, slightly glutinous, rather than sand 
does) ; and the slowness of movement is in conformity with the 
imperfectneaa of the fluid pressure, and with the fact already 

• Oomptes RenduB, p. iaO&,tiiie%)-, kii&^ V%(A- 
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slated (under Head III. above) that tlie velocity of any glacier ' 
is proportional to the completeness of its saturation with w 
St the time. The has-ne-tih, or old avalanthes, furnish very 
little water at their lower extremities. 

I have now gone through these observations, made by persons, 
it may be afisumed, not particularly desirous to find results con- 
finning a theory which they have opposed, but which it may be 
hoped they will oppose no longer, when their own results speak 
m langnage so unequivocal. My analysis has been succinct, 
but complete and impartial. The facts are stated as given, 
withont selection or suppression. 



XI, ILLUSTRATIONS OF THE VISCOUS THEOHY OF 
GLACIER 5'OTJON.— Part I. Contaikino Expeki- 

^_ MENTS ON THE FLOW OF PLASTIC BoDIES, AND ObSEBVA- 

^^B TIONS ON THE PHENOMENA OF LAVA StBEAMS.* 

\ § 1. Plastic Models. § 2. Analogy of Glaciers to Lava 

™fWma.~Note on the Velocity of Lava. 

§ 1. Plastic Models. 

In the concluding chapter of my " Travels in the Alps of 
Savny," I have shown how the obscure relations of the parts of 
a semiflnid or viscous mass in motion (such as I have attempted 
to prove that the glaciers may be compared to) may be illus- 
tisted by experiment. 

The larger models, there described and figured, showed 
very clearly the precise effects of friction upon the motion of 
such a mass. They were formed of plaster of Paris, mixed | 
with glue, and run in irregular channels, and the relative velo- 1 

■ From the PHlosopliical Transsotionfl for 1846 p. 143, Eecaivcd by the Royal 
Socie^ of London March 15— Reail April 10, 1845. 
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cities of the top and bottom, the Bides and centre of eucli a 
paaty maBS were displayed by the alternating layers of two 
coloured pastes, which were successively poured in at the head 
of the model valleys. The bomidaries of the coloured pastes 
were squeezed by the mutual pressures into greatly elongated 
curves, whose convexity was in the direction of motion ; and in 
a vertical medial section, the retardation of the bottom and the 
mutual action of the posterior and anterior parts shaped the 
bounding surface of two coloui-s into a spoon-like foi-m. 

Now these models convey a very palpable commentary 
upon the effects of friction on a plaatic mass, and likewise on 
the influence of the mutual pressures of its parts ; but in further 
illustration of the same thing I constructed another model, only 
executed as the printing of my volume approached its close, and 
which is cursorily described in a long note (page 377),* whence 
its real importance may perhaps have been pretty generally 
overlooked. 

The models in question, of which I have since made many, 
are formed by accumulating in one end of a long narrow box 
AB, Plate I. fig. 1, a deep pool of the viscid material already 
mentioned, which is retained there by a sluice or partition 0, 
which may be withdrawn at pleasure. 

The surface of the pool ahcd is then pretty thickly dusted 
over with a coloured powder, and the sluice is withdrawn. 

The pasty mass subsides slowly under its own weight into 
the lengthened form efgk. The film of colour on the surface is 
therefore broken up so as to cover three or four times the sur- 
face it did at first ; and its new distribution marks the lines of 
greatest separation of the superficial particles of the mass. The 
appearance of such a model when run is shown in fig. 2 of the 
same plate, and it manifests in the plainest manner the twofold 
tendency to separation in such a case where the channel is 
narrow and confined, and there is a certain mass of matter in 

• Id this paper refereaoo is of course made to the Erst edition of my " Tranele," 
the second not having been tlien publiabed. [Tbc snbstance of the note referred lo 
was ra-written and inlrodaced into the teit at page 381 of the Second Edition.] 
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frout. Plate v.* bIiows a more accurate Jrawing taken from. 
snch 3. model. 

The lines of sliding separation occur most distinctly marked 
near the sides, where the friction ie greatest, and the central 
parts are forced past the lateral parts, ou account of the less 
embarrassed and consequently swifter motion of the centre ; 
and they incline to the. centre although the breadth of the 
channel be perfectly uniform. But the forces which tear asunder 
the ich exist) act perpendicvlarly to the jbrmer. 



1 




and produce dislocations and fissures, which perfectly corresponcE 
to the direction and appearance of the crevasses of a glacier, 
that is, they are convex upwards or towards the origin of the 
glacier. It is the former of these lines of separation, or diffe- 
rential motwn, which constitute and trace out with an exact | 
parallelism the veined structure which I have described as form- I 
ing the normal structme of all true glaciers. Plate VI,* is a 
representation of a very beautiful plaster model of more con- 
sistence than the other, in whii;h the swelling of the surface and 
the direction of the open cracks produced by direct thnists are 

* [Platea V. and VI. of the Pliiloaophital TraneaetionB for 1846, wIiilL exliiliit 
more elaboraWly tie markings shown in thQ difigraJn of Bate I., fig. 2, o 
Tolame, are not reproduced aa account of their elaborate nature, hut l)g, 19 of f,fl 
piga girea a aoiaenliBt rude ides of one of them.] 
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most beautifuUy shown ; and are evon more bo in the model 
than in the engraving. Tlie fisatiree are transverse and slightly 
convex to the origin in the higher part of the glacier, then 
gradually turning round they radiate from a centre in the lower 
part, exactly as in the glacier of AroUa {Travels in the Alps, 
Plate VI.), and in all similar casea, 

The experiment ahove detailed was suggested to me by 
studying the ripple of sti'eams of water, which appeare to have 
the same origin : and in very weak currents moving through 
very smooth and uniform channels (as the chiselled sides of 
water conduits) the same may be made manifest by throwing a 
handful of light powder on the surface, which then becomes 
divided into threads of particles inclined in the manner I have 
described at a certain angle from the side towards the centre, 
depending on the velocity of the stream. 

The slightest prominence of any kind In the wall of such a 
conduit, a bit of wood or tuft of grass, is sufficient to produce a 
well-marked ripple-atreak, from the side towards the centre, 
depending upon the sudden and violent retardation of the lateral 
streamlets and the freer central ones being momentarily edged 
away from them. The general course of the motion of the par- 
ticles is, however, scarcely affected by such a circumstance, for 
the differential velocities which cause the ripple and the sepa- 
ration are always small compared to the absolute velocity of 
the stream ; and thus a Boating body on the water (just as the 
moraine on the glacier) perseveres in its course parallel to the 
side with scarcely any perceptible disturbance. When, however, 
the descent is violent and the friction great, floating bodies are 
gi-adually drawn towards the centre, and this happens also in 
exa<;tly the same circumstances to the moraine of the glacier. 
Plate II. figs. 3 and 4, show the relation of the ripple-marks 
to the channel of a very flat smooth gutter in one of the side 
streets of Pisa, sketched after heavy rain. 

These ripple-marks in water are well seen near the piers of 
a bridge, or when a post is inserted in a stream and maltes a 
fan-shaped mark in the water cleft by it : such marks have 
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been much neglected by writers on hydraulics ; but in one of 
the most ancient hydraulic treatisee, that of Leonardo da A''inci, 
lately printed from the MS. in the Italian collection of writers 
on hydraulics, they are very well described and figured. A . 
case parallel to the last mentioned, where a fixed obstacle 
cleaves a descending stream and leaves its trace in the fan- 
sliaped tail, is well seen in several glaciers, as in that at Fer- 
pecle, and the Glacier de Lys on the south side of Monte Rosa, 
particularly the last, where the veined structure follows the law 
jiiat mentioned.* And I desire here to record that the views 
jost presented aa to the origin of the veined structure of ice 
were confirmed, but were not suggested, by the experiments on 
viflcous fluids just mentioned. The necessity of the tearing 
up of a 8ohd mass, if it moved at all in a bed presenting insur- 
mountable resistances on all sides, in directions such as the 
reined structure presents, was foreseen by me whilst dwelling 
amongst the glaciers themselves, at a distance from books or 
the means of experiment. , . . My Third Letter to Pro- 
fessor Jameson, written in 1842 from the remote village of 
Zermatt, contains the substance of all that I have since deve- 
loped and illustrated at greater length and in different ways, 
rather to meet the difficulties of others, than to confirm what 
was plainly fixed in my own mind.f 

In explaining the theory of the veined structure at a 
meeting of the Royal Society of Edinburgh on the 20th 
of March 1843, I stated that I had arrived at the conclnsion 
that crevasses resulting from tension in certain parts of a 
glacier must be formed at right angles to the surfaces of 
discontinuity or structural veins where they intersect the 
surface : a law conformable to the empirical one discovered 
Vioe on the glacier of the Rhone in 1841,} since general- 
™d in other cases, and wliich even the adversaries of ray 

* [8o« TtHveU in the Alps, p. 338,] 

t [8m page 23 of tbia Tolnme. The cjnototion from it is therefore omitted.] 

t Eainbnrgh Philoiophioa! Journa!, jEniiory 184S, [and p. 7 of this Tolume.] 
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theoretical vLewB have admitted to be a con-ect statement of 
the facts,* 

My attention was at that time (March 1843) turned hy my 
learned and acute friend, Mr, W. A. Cadell, to the veined stnic- 
ture of the e!ag of iron furnaces as dae to the diflerence of 
velocity of the parts producing surfaces of separation and pecuhar 
molecular condition. The transition was easy to tlie case of 
volcanic rocks and lava streams ; and this case was pressed on 
my attention by an unexpected journey which I soon after 
undertook to Italy and Sicily. 

§ 2. ANALoav OP Glaciers to Lava Streams. 

There is something pleasing to the imagination in the 
unexpected analogies presented hy a torrent of fiery lava and 
the icy stream of a glacier. But when we look upon the com- 
parison historically and critically, and find how generally this 
analogy has been perceived and adverted to by persons of very 
different views and talents of observation, we are strongly 
tempted to susjiect that some latent cause confers the marked 
resemblance. 

This cause I of course consider to be the laws and condition 
of their motion, the struggle of a semi-fluid mass of enormous 
weight creeping down a mountain side, in which fluidity and 
solidity are so curiously combined, that we should be at a loss 
in either case how to name it ; a straining, crackling, splinter- 
ing solid, heaved on by the internal energy of the latent 
fluidity which pervades it, and which at last succeeds in 
givmg to the general character of the motion and the moving 
mass, those of fluid bodies subject to the law of gravity ; 
, whilst the parts, themselves almost rigid, have that rigidity 
most fantastically subjected to the action of the dominant 
principle. 

In illustration of what has now been said, I shall quote 
passages from some authors which, without particular research, 

* BibliotliSqae UnlTereellB, torn 
g£n£ral que les bandes bleiiea canpeol i uigle < 
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lave come under my notice expressive of the analogy just men- 
tioned* 

Mr. Auldjo, an intrepid alpine traveller, writing abont 
Vfflnrius in 1832, says, " The field of lava in the interior ol 
the crater, inclosed within a lofty and irregular bank, might be 
likened to a lake whose agitated waves had been suddenly 
petrified ; and in many respects resembles the Mers de Glace, or 
Jerel glaciers of Switzerland, although in its origin and materials 
80 very different." t And the view in the same work of "streama 
of lava on the south-east of the cone" presents a perfect ana- 
logy to a glacier, bearing on its surface three medial and two 
lateral moraines. 

Captain Basil Hall, writing of Vesuvius at a later period, 
HBes these remarkable expressions whilst describing an eruption 
of lara : — " The colour of this stream was a brilliant pink, much 
brighter at the sides than in the middle, where, either from the 
cwling of the surface, or the accumtilation of cinders and broken 
piecee of stone, a sort of dark ridge or backbone was visible 
from end to end, not unlike the moraine on the top of a glacier, 
Thia reminds me of a curious analogy which often struck me, 
between two objects so dissimilar as a glacier and a lava stream. 
They are both, more or less, frozen rivers ; they both obey the 
Idw of gravitation with great reluctance, being essentially so 
Bliiggish, that although they both move along the bottoms of 
valleys with a force well nigh irresistible, their motion is some- 
lanes scarcely perceptible." :[ This remarkable passage, worded 
with the usual scrupulous care of the author, combined with his 
Mcoimt of the mechanism of a glacier in the descrijttion of the 
giacier of Miage in the same work, show that he had arrived at 
more correct notions on the subject than any of his contempo- 
raries; notions which chiefly required careful observation to 
gi'e them the force of demonstration. The alhision to morainea 

* \ti. qnoUttion from StarVe's Italy, prEviously given in tlie Sixth Letter, p. 50. 
>t Aia tolnme, is here nmilted. but the words of Mr. Anliijo and Captain Hall, not 
Win quoted, arc retaiiied.J 

t Anhljo's BketcheB of Veanfini, p. ID, pnhlitihed IS33. 

j Patchirork, by Captain Hall, vol, iii. p, 118, pnblislied 1841. 
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as characteristic of lava streamB aa well as glaciers, id tKe pie- 
ceding extract, is perfectly borne out by the view of the lava of 
1831 given by Mr. Auldjo, and already cited; the same appear- 
ance is mentioned by M. Elie de Beaumont in his accoimt of 
Etna in the following terms: " Une des circonstances que lea 
coulees de lava pi'eaeutent le plus invariablement . , , , con- 
siste eu ce que chaque coulee est flauquee de part et d'autre par 
une digue de scoriea accumulees qui rapellent par sa forme la 
moraine d'un glacier, . . . souvent aussi les coulees presentent 
de pareilles digues vers leur milieu, lorsqu'elles sont partagSes 
en phiaieurs courants distincta coulant I'un a cote de I'autre."* 

In another place the same author compares the movement 
of the upper crust of the lava to that of glaciers according to 
the then prevalent theory : — " L'ecorce superieure d'une couUe 
separee -de l'ecorce inferieure et du sol Bousjacent par une cer- 
taine epaisseur de lave Iiquide, ou du moins visqueuse, se trouve 
dans uu etat comparable a celui d'un glacier, qui, ne pouvant 
adherer au sol souajacent ii cause de la fusion continuelle de sa 
couche inferieure, se trouve contraint de gliBser."t 

Finally, M. Eendu, Bishop of Annecy, in bis excellent 
Essay on Glaciers, refers in one passage (and I believe in one 
only) to the possible analogj' with a lava stream, " [le glacier] 
B'affaisae-t-il aur lui-meme pour couler le long des pentes comme 
le ferait une lave a la fois ductile et Iiquide ?" \ 

The following conaiderations seem to show more than a 
general estemal analogy between lava streams and glaciers. 

Their velocities are sometimes equally slow. Although 
common lava is nearly as hquid as melted iron, when it issues 

* Recbercbea eur le Mont Etna. p. 184. Pablishad in the M^moirea pour 
■ervir h une Description Geologicjue de la France, tome iv. 1838. 

t Becherches aur Ic Monl Etna, p. 177, 

t Theorie des Glaciers, Mem. de I'Academie de SaToie, tome x. p. 93, puLlisIied 
1841. |T ma; perhape be allowed to ndd id,v own imprcesionB to the enmc effect in 
1841, founded, /or the moat part (at that lime), on the same general and external 
analogica which had guided mj predeceBBora ; — '■ None who has ever seen or even 
clearlj conceived a tava-atreom, can fail to find in it the nearest analogne of & 
Racier. Stiff and rigid as it appears, it eitherfionsDrhaBonce flowed." Ed. Bev., 
AjiriJ 1842. p. 53.] 
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from the orifice of the crater, its fluidity rapidly diminishes, aiid 
aa it becomes more and more burdened by the consolidated slag 
ihrongh which it has to force its way, its velocity of motion 
dimmiahea in an almost inconceivable degree, and at length, 
when it ceases to present the slightest external trace of fluidity, 
its moyement can only be ascertained by careful and repeated 
observations, just as in the case of a glacier. In November 
1843, 1 watched lava issuing rapidly from a small month in the 
crater of Veauviua at the rate of about one foot in a second. The 
eruption of Etna in 1832 advanced at the rate of five miles in 
two days, which ia at the rate of one foot in about sis seconds.* 
We may contrast with this the eruption of Etna in 1614, which 
yielded a lava which advanced but two miles in ten years, 
spcording to DoIom!eu,t during the whole of which time its 
motion waa sensible. This gives a mean rate of rather more 
Ann three feet per day ; but at the conclusion it waa no doubt 
mnch slower. 

Mr. Scrope} saw the lava of 1819 in the Val del Bove 
moving down a considerable slope at the rate of a yard a day, 
nine months after its erupfion. It had, he adds, the appear- 
ance of a huge heap of rough cinders ; its progi^ession was 
marked by a crackling noise due to friction and straining, and, 
" on the whole, was fitted to produce an^ other idea than that of 
ftidity. In fact," he continues, "we must represent to onr- 
wlvea the mode in which the crystalline particles of lava move 
unongst one another, rather as a sliding or slipping of their 
phme Burfaces over each other, facilitated by the intervention 
of the elastic (?) fluid, than as the rotatory movement which 
Mtiiates the molecules of most other liquids." It is generally 
conformable to this view that we find in Hamilton's Campi 
SJegrcei (fol. i. 38, Note) the curious remark that some lava is 

' E. de Beaumont. Eeehercbea eur 1b Mout Etua. 

t Quoted by E. de BeaumonI, p, 85. The original is in tbe Journai de Plij- 
"iqne, toI. i. of the New Saries, where it ia mentioned tlist the same BlowceHB of 
■wtion lus been observed in lavas of Yesuviaa. Ferrara (Deecriziono del EtDU. 
^^Inmo, ISIB) denies this Btitetneat, but not I tbink on Bufficiont grounds. 

t On Vokuioes, p. 102. 
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80 incoherent, or whilst fluid has so little viscosity ^ that in issuing 
from the volcano (Vesuvius) it has appeared ^^ farinax^eous^ the 
particles separating as they forced their way out, just like meal 
coming from under the grindstones." 

From all this it is quite clear that the seeming rapidity of 
the parts of a glacier, or the slowness of its motion, cannot be 
taken as the slightest evidence of its moving otherwise than as 
a fluid, contending with the rigor of the parts which include 
and resist the moving force, which is truly hydrostatic, though 
limited in its exercise. 

It is manifestly futile and unphilosophical to seek one cau^ 
of motion in a lava which, like that of Vesuvius in 1805, mast 
have described as many hundred feet in a minute as that o* 
1614 from Etna probably did in a year^ for the iman daily 
motion of the latter during ten years was three feet ; but towa^i^^ 
the end of that time it must evidently have had, for a loJ^? 
period, an average motion of one-half or one-quarter of thi^ 
and therefore below the observed mean movements of certaf J^ 
glaciers. Fluidity, in the first instance, as in the second, w^^ 
the propelling vehicle or manner in which gravity acted, and 
this is a suflScient answer to any attempt to maintain that the 
plasticity of a glacier is a collateral but not a primary cause of 
motion — a distinction surely without a diffierence. 

As in the case of all imperfect fluids, the central and super- 
ficial particles move faster than the lateral and inferior ones; 
and when the fluidity is exceedingly imperfecjt, as in those long- 
flowing lavas, there must be a rupture of continuity between 
the parts to permit them to slide and jostle past one another. 
This is evidently the cause of the noise referred to by Mr. 
Scrope and other writers. This tearing up of the stream into 
longitudinal stripes, occasioned by the varying velocity of the 
parts, is thus described by M. Dufrenoy in his account of Vesu- 
vius : — " La plupart des coulees presentent des bandes longitu- 
dinales assez paralleles entre elles : ces larges stries saillantes 

* See Note on the Velocity of La^a Streams al VW ^xv^ qX.\>k«, ^w^\. 
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iDT la surface sont lee traces du mouvemeEt de la lave i 
a'avance paa d'lme seule piece, mais par baudes paralleles 

And M. Elie de Beaumont describes a lava stream at Etna . 
in tlieae terms: — "La surface offrait de profondes cannelures 
[laralleJeB enlTe ellea, dirigees dans le sens du mouvement qui 
I'avoit deversee a I'exterieur et qui etaieot croisees par de % 
breaies ger^ures transversales." f Here then is evideutiy the 
twofold system of rente and perpendicular fissures described in 
(be commencement of this paper as being found in the u 
ud as being conformable to the phenomena of glaciers. 

Diu-ing the winter 184S-44 which I spent in Italy, I had 
Mi opportunity of testing these resemblances, and tracing others ! 
to glaciers in the lavas of Vesuvius and Etna. I entered on the 
inquiry with a very jealous care of being drawn iutii the admia- 
Bion of fanciful or imperfect analogies ; and 1 shall confine 
m^lf to the statement of one or two most plain and undeniable 
iioufirmations, selected from the results of many fatiguing 



The plastic nature of the viscous lavas of Vesuvius and 
Etna is such as well might obliterate any internal traces ol 
rents due to differential velocity, which, in the mass, are speedily 
closed and reunited as in a stream of treacle, or in the plaster 
models before explained, where the interior is homogeneous and 
'he Buperflcial coating above is permanently dislocated. 

In lavas the indescribable ruggedness of the surface very 
generally prevents any record of the gentler piay of forces. 
The following facts appear to me quite conclusive as to the 
manner in which a mass partially solidified, yet moving as a 
fluid, is torn up by the interior forces which act upon it. 

1, At Vesuvius, the Fossa ddla Vetrana, between the Her- 
tnitage and Monte Somma, is a valley lined with the lava of 
1751. I here observed that the lava was in some places de- 
tached from the waU of the valley, leaving a cavity on the shel- 
tet ed side of a projecting elbow of rock, just as a glacier does 
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in similar o ire u instances, showiug the considerable consistence 
wluch tbe lava posseased. 

In the upper part of this Fossa the lava has a distinct linear 
structure where broken, in shells parallel to the sides, whose thu^ 
neaa varies from one-third of an inch upwards. The position of 
these Burfai^es of dislocation is indicated (for illustration) in 
fig. 5 of Plate I. 

2. In the vast lava wastes of Etna we encounter not only 
8 greater extent of surface, but a greater variety of condition 
as to cohesion of the lava streams, and the slope down which 
it has descended, and thus we have a better chance of meeting- 
■with specimens of the manner in which the semi-solid cniBt of 
a lava stream is torn up and crevassed by the effect of gravity 
compelling it into the circumstances of fluid motion. From this 
tendency of all lavas to form slags, and of these slags to be 
splintered, tossed, and remoulded by the action of tbe still 
liquid portion of the stream below or around, not one-thousandth 
of the surface bears marks of the simple condition of fluidity 
under which it was originally moulded ; and though, when viewed 
from a distance, and in connexion with the fonu of the ground 
over which it has passed, we see plainly enough that it has 
jlovxd like a stream, tbe absence of any trace of easy undulating 
forms which characterise fluids or plastic masses, gives to the 
aciarre of Etna (the cheires of Auvergne) au appearance far 
more removed from pristine fluidity than the glacier masses of 
Switzerland. 

In travereing many miles of lava wastes between Nicolosi 
and Zafarana, on the eastern slope of Etna, I met with one 
singularly favourable specimen of a branch of a stream consoli- 
dated exactly as it had moved, and undisturbed afterwards. It 
is the part of the current of 1763, called Lava delh Cerve. The 
branch stream in question may be ten yards wide, and presents 
a thin crust, which has floated on tbe viscid lava below, and 
wiiicb, while yet imperfectly solidified, has been urged to move 
with the rest of tbe streara, and has undergone a process of 
d/rision and reudiug accordingly. T\ie atiita.'m.Va&'iusie.i.'ai.'Ossft 




LAVAS OF ETNA — FRONTAL DIP. 



89 I 



ion from left to right in Plate I., fig, 6, The lateral parts, ' 
PP^ QQ * have been literally torn to pieces longitudinally (as I ' 

wrote on my note-book on the spot) by the multiplied rents ' 
ivliich fihowed the disiocation of the quicker moving central 
irom the lateral parts, and these rents inclined towards the centre j 
aftke stream in the direction in which it moved. The length of 
the stream was divided by transverse rents strikingly convex J 
towards the origin of the stream, as shown in the same figure. I 
These cracks were marked by another peculiarity ; the cake of I 
floating scoria bad not only been cracked across, but pushed J 
upmrds, generaWy firwards and upwards, before it was finally I 
included in the cooling mass of the stream ; the result was the I 
Birangement shown in the longitudinal section, fig. 7, which it I 
will he seen resembles the tiling of a house, only that the frac- I 
tured parts do not always overlap, but the anterior edge is | 
tilted upwards. It will thus be seen that this tendency to J 
separation acts also in the vertical plane, and the dotted lines I 
oa', bb', ete., indicate the direction of its action, coinciding with i 
the surfaces of differential motion, which produce what I bava J 
called the frontal dip of the veined structure of the ice of.il 
glaciers. I 

3. At no great distance from this lava, and near the foot I 
of the hillock caUed the Serra Pizzuta, between the last-named I 
point and the valley of Tripodo, I observed a transverse section J 
of a lava stream exhibiting an arrangement in bands or plates, i 
nearly parallel to the side of the current, but inclining towards I 
the centre. 

4. Between Zafarana and the Porta Calanna (Etna), a 
remarkably pretty illustration occurs in the surface of an old i 
lava stream, worn and polished by the action of a brook. 
Where the lava has had to turn an abrupt comer of a rock, A, fig. 

8 (which represents a ground plan), the progress of the lava being i 

• [Tlie lines PP, QQ do not (I beliBva) represent tho cdnvarging banks of IhsM 
lava BtceuDi nbich was probabl; of unirorm breadtli, bat the convening linu (^H 
Btnictural dislocation merely. In tbs eketch done on tbe spot nhicb ia nov befor^H 
me, tbe central and nnBtriated portion ia marked as being G facet wide. Nu^H 
J838J ^^^M 
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i-iolently clieoked by the resistance of the projecting mass, h»i 
been torn up Into longjtutliiial shreds, which from imperfed 
fluidity have not reunited, but have left open cavities of th.* 
form represented in the figure, which exhibit with remarkabl* 
fidelity the forms of the fissures with which glaciers are aome- 
times traversed, when they are subjected to sudden traiisitionc 
in their states of motion (aa in the Glacier des Bossons at Cha- 
mouni, and which coincide in direction with tie veined struc- 
ture, and pass into it by imperceptible gradations. 

5. What I have called the frontal dip of the veined struc- 
ture in glaciers,* I have explained by the accumulation of a 
sluggish mass of considerable extent upon a floor or bed oSering 
the resiutance of intenao friction ; in eoiisequence of which the 
mass of ice, urged downwards and forwards by its intense 
weight, being resisted by the friction of that which immediately 
precedes it, must yield in the direction of least resistance, or 
squeeze itself in a slanting direction forwards and upwarde, and 
thus sliding over the resisting mass immediately in front, will 
produce surfaces of discontinuity or differential velocity in that 
direction. Such a result I inferred from general principles, 
without reference to any particular example, and the explana- 
tion of the superficial convexity of the lower part of many 
glaciers was evidently satisfactorily explained by it. 

The convex swelling form of a viscous stream will depend 
principally upon the relative measure of two quantities, the 
stiffness or viscosity of the fluid, and the inclination of the 
surface j although it will also depend on the part of the 
stream, whether near the origin or the termination, which we 
consider. 

I have found this variation from concave to convex, depend- 
ing upon circumstances, alike in glaciers and lava streams. 
Some very highly inclined small glaciers existing at considerable 
heights, and therefore very hard and consistent, are, nevertheless, 
deeply concave from end to end, the slope compensating for the 

• See my Trai-eli in the AJps, 1st edition, pp. 167, 376, and letter lo Dr. Whe- 
a-oll in J/tmeenti'ii .Imnaal Oct. 1644, ^dge 59 oUVis iiAomci^ 
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stifliiesa of the matter ; siicli is a beautiful glacier, named, 
tkr as I can learn, La Gria, or Glacier de Bourget, wbich de- 
scends from the Aiguille dc Goute towards the valley of Cha- 
mouiu. See Plate IV., fig. 9. 

Many, perhaps most, lava streams, where they have well- 
determined banks, are concave during the longer part of their 
course, but towards their tfirinination they become convex as 
their viscosity increases. Nevertheless, I have seen portionB t^. 
well-bounded streams decidedly convex. 

The appearance of the termination of a lava stream ap- 
proaches strikingly tliat of a glacier. But this is much mora- 
tlian a vague analogy, and the accounts of faithful eye-witnessoB 
prove the resisted motion of the doughty stream to be such 
laMicipated. AVe find it explicitly stated over and over again 
ia flie writings of Dolomieu f and Delia Torre \ (and more par- 
ticDlarly by the latter), that when a lava stream meets with any 
obstacle in front which checks its course, or when its course is 
checked by its own sluggishness, the stream swells, and gains 
gradually in thickness by the fluid pressure from behind ur^ng 
its particles /orioards and upwards. So striking was this natu- 
rtil effect of semi-fluid pressure, that these old observers attri- 
buted it to a pecidiar force developed in the lava, of the nature 
of " fermentation," producing intumescence, the only way by 
which they could account for the vertical rise of the fluid, 
although it waa very evident that the result was only what 
might be expected from the nature of the lava. It was also 
observed that when the lava stream had thus attained a certain 
height, it began to move on again, the necessary result of the 
increased hydrostatic pressure, although attributed by the authors 
named to the heat developed by chemical action. The tenacity 
with which the idea was long adhered to, that the residual 
6uiditj of a nearly cooled lava stream was insufficient to account 
for its progress, without attributing to it the qualities of a 
* [Of llie PliiloBDpLicol TnuisactionB for 1S4G. It Ima not been thougbt eBacnlial 
lo reproiinee this figure.] 

+ pBpem in the Journal du Physiqiit. 

j HiBtoira da Ytmte. Napli .... 
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second volcanic focus, are curiona proofs of how long a palpable 
cause may be rejected as insufficient to explain a phenomenon, 
and a totally imaginary one superadded.* 

I may add, that lava streams sometimes push their extre- 
mities up hiU ;'\ glaciers do the same. :f 

In addition to the considerations already stated, which 
illustrate the viscous theory of glaciers, I am glad to avail 
myself of two which have reached me from independent and 
impartial sources. 

The first is by Mr. Darwin, who in a small boot on 
" Volcanic Islands," published about the time that I was en- 
gaged in making the preceding observations on Etna and Vesu- 
vius, pointed out in a very clear manner the explanation which 
the veined structure of glaciers lends to that of volcanic rocks 
belonging to the Trachytic and Obsidian Series, where the 
lamination, instead of being obscure and rare, as it generally is 
in the Augitic lavas, owing perhaps to their greater fluidity, 
and more viscid and homogeneous texture, is the general rule. 
" The most probable explanation," says Mr. Darwin, " of the 
laminated structure of these felspathic rocks appears to be that 
they have been stretched whilst flowing slowly onwards in a 
pasty condition, in precisely the same manner as Professor 
Forbes believes that the ice of moving glaciers is stretched and 
fissured. In both cases the zones may be compared to the 
finest agates ; in both they extend ui the du'cction in which the 
mass has flowed, and those exposed on the surface are generally 
vertical." § 

The other illustration is contained in a communication with 
which I have been favoured by Mr. Gordon, Professor of Civil 

* See the view of tlie tenninatioD of a lava Btream in Auldjo's Sketches of 
VeBUviuH, facing p. 92. Tbs reader miiy alau comparu ihe view of a grotto in the 
lava, in the same work, with that of tliB aonrca of the Arveiron in my Traveis, p. 387, 

f Hamilton, Campi Phlegnei, folio, vol. i. p. 40. note, 

X [Ab iu the Allalein glacier, described in m; Travels, p. 353, showing the 
remarkable development of the frontal dip under these ciraumetanccH, See alno tli? 
Section in ab in the Ninth Topographical Sketch iu the same work,) 

g Darwin on Volcanic Islands, 1844. The whole paBsage, pp. 65-72, illuetriiten 
this aualogy. 
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Engineei-ing in Glasgow, and which has been printed in the 
Philosophical Magazine for March 1845, to wlii<;!i thertfore I 
may refer. I need only state at present that it demonstrateH, 
from observations on the flow of Stockliolm pitch with a speed 
wholly insensible, and which requires some months for its 
Mcomplishment even in small masses, that a motion, of tbfl 
nature of fluid motion, takes place at temperatures at which 
the pitch remains so hard as to be fragile throughout, and 
presents angular fragments with a conchoidal fracture. Mr. 
Gordon adds, that the resistance of the pitch to its own forward 
motion produces bands of diflerential velocity, and having the 
.Rental dip. 

Sdiubcboh, Febrdabt SG. 1845, 
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'OTE ON THE VELOCITY OF LaVA, REKERRED TO IS PAGE 85. 

The following are a few facts which I have collected on tha 
"velocity of lava. That of Vesuvius in 1805 appears to be the J 
most fluid on record. Von Biich, who was in company with 1 
MM. de Humboldt and Gay-Lussac, describes it as shooting 
suddenly before their eyes from top to bottom of the con 
one single instant,* which must correspond to a velocity of 
many hundred feet in a few seconds without interpreting it 
literally, Melogrami, quoted by Breislak,t says it described | 
thi'ee miles in four minutes, or about seventy-five feet per 1 
second at a mean. The same lava, when it reached the level 
road at Torre del Greco, moved at the rate of only eightec 
inches per minute, or three-tenths of an inch per second.^ The 
lava of 1794 (Vesuvius) reached the sea, a distance of 12,961 
feet, in sis hours, or passed over one-third of a mile per hour, 
or eight inches per second ;§ whilst the lava of Etna, in 1651, 
described sixteen miles in twenty-four hours, or above a foot 
per second the whole way. That of 1669 (Etna), which destroyed 

* Bibliothtqiie Britunnique, vol. »ii, ITia rertical height of tho eona proper 
)r 3U0 feet ; the leugth of the slope may tharefure be 1300 feet, 
Kf laetitatioDB GeologiqneB, iii. 143. 
f Nicbolfon's Joarnnl, vol. lii. g BT(!iB\(i..CMti'pn,M\n,\."l 
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Catania, described t\i<i first thirteen miles of its course in twenty 
days, or at the rate of 162 feet per hour, but required twenty- 
three days for the last two miles, giving a velocity of twenty-two 
' feet per hoiu' ;* and we learn from Dolomieu, that this same 
stream inoveil, during part of its course, at the rate of 1500 
feet an hour, and in others took several days to cover a few 
yards.f 

The lava of 1753 (Vesuvius), starting with a velocity of 
2500 feet per hour, soon diminished to sixty feet,} as did that 
of 1754 to the Bame;§ and of 1766 to thirty feet per hour.ll 
The lava of 1831 (Vesuvius) moved over 3600 feet in twenty- 
six hours, and finally advanced steadily at the rate of ten feet 
an hour.lT The lava of Etna of November 1843, is said to 
have moved over tliree paces per second at the distance of a 
mile from the crater. 

The stream of 1761 (Vesuvius), before it stopped flowing, 
advanced but three yards a-day ;** and that of 1766, which con- 
tinued moviug for about nine months, moved over but a small 
space in that time. Had the attention of authors been equally 
directed to the slow as to the rapid advancement of lava, there 
is no doubt that we should find many instances besides these 
recorded by Dolomieu and Scrope, of continuous movements of 
three feet,- and even one foot a-day, or less. 



t Dolomieu, Isles Ponces, ]i. 28B, Note, 
g Ibid, p. 130. 

IT Anldjo, Sketclies of VcBUviuB, p. 19, w 
whilst adTaocing at tliis rate. 
•• Delia Torre, p. 13S. 



} Delia Torre, Hirtoire, etc„ p. IM. 
II Hamilton, Campi Phlegrai, i. 19. 
th c bketch of the front of the BtreaiD 
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f. ILLUSTRATIONS OF TilE VLSCOUS THEOKY 
OF GLACIER MOTION. — Part IL An attempt to 
ESTABLISH BY OBSERVATION THE PLASTICITY OF GlACIER 
... 
g 3. De Saussurea Theory. § 4. Modifications of De 
ixiumre's Tlieary. § 5. Experiments at Chamouni on the 
Plmticit.ff of Ice. 

^^r When Gruner proposed the explanation of glacier motion 
' by the sliding of the ice over its bed, and De Saiissiire illus- 
trated and confirmed it by considerations drawn from the lubri- 
cating action of the earth's heat melting the ice in contact with 
tbe soiljf there is no reason to sappose that either of them 
thought it necessary to take into account the varying form of 
the channel through which the glacier had to pass, and the 
consequently invincible barrier presented to the passage of a 
rigid cake of ice through a strait or narrow aperture when it 
occurred. This is the more remarkable, because he [De Saua- 
Mre] conceives that the inequalities of the ied or bottom may be | 
overcome by the hydrostatic pressure of the water, which he ' 
Biipposes may be imprisoned between the rock and the ice, bo ] 
ss absolutely to heave the latter over the resisting obstacles. 

I believe that in no part of De Saussure's writings will there 
oe foand any, the slightest reference to the possibility of the ' 
glacier, when fairly formed, moulding itself to the inequalities of I 
'he surfaces over which gravity urges it ; nor is there any trace i 



* Pluloanjihieal Transaction a, 1846, p, 137. ReceiTed July 28, 18*5. — Read ] 
JWiiirj 15, 184G. 

t Tu do Gruner justice, be appears to lisve been aware of tha effects of the I 
"ftti'B heat and the lubricating notion of the water thawed from the glacier : ] 
"Idrsque lea cfit^a de I'Binaa [de glaca] qui touchont la moiitagnB, foudciit ca entier, 1 
'"01* la msBBe entrainee par eon poidB gliaae aurson fond Bt s'oviinoe dans layallee," 
Pieuoli tranflktion, p. 333 . . . "il eat vraiaemblable que leer surface, inierieure i 
I'". Jm glaciere] so liqu6fie antunt, et peut-flr'' pin a que Is supprienre," ij. p. 888. 
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of the correlative fact of an unequal motioa of the eidee and 
centre of the ice, which may in Eome sense be considered as the 
geometrical statement of the preceding physical fact The fact 
of plasticity was suspected by Basil Hall, and more distinctly 
fumotmced by Rendu, as shown in the first part of this paper ; 
bat it could not bo proved until the geometrical fact of the 
Bwifter motion of the centre of the glacier relatively to the 
sides was established in 1842.* The contrary opiniou at that 
time generally entertained would have been conclusive against 
the hypothesis of plasticity called forth by the gravity of the 
mass. 

So far then as appears from his writings, De Saussure eon- 
Bidered the ice of glaciers to constitute a mass possessing rigidity 
in the highest degree, such rigidity in short as common expe- 
rience aasigns to ice tranquilly frozen in small masses, which is 
sensibly inflexible. It is in this sense in which I have spoken 
of De Sausaure's sliding theory, as one which " supposes the 
mass of the glacier to be a rigid one sliding over its trough or 
bed in the maDner of solid bodies,"! and I adhere to the 
definition as excluding the introduction of the smallest flexibility 
or plasticity, to which the term rigidity is correctly opposed. 
I consider too, that De Saussure's theory supposes the mass of 
the glacier to slide over its trough or bed in the manner of solid 
bodies, that is, not as a heap of rubbish or absolute fragments, 
such as a glacier sometimes precipitates over a rock, but which 
evidently did not enter into De Saussure's explanation, nor, in 
fact, required any theory. 

As to the crevasses which form so prominent a feature of 
many glaciers (altbongb many are in parts almost devoid of 
them), I do not recollect that De Saussure alludes to them as 
facilitcUing in any way the movement of the glacier, but simply 
as results of its motion and of the rigid character of ice. And 
I believe that this view (whether it was held by De Saussure 

• Edinbnrgh Philnsophical Journal, Ontobsr 1842, and TravelB in the A1pl^^ 

BsTny, p. 134. ^^H 

t TrnTfAn, p. %^1. ^H 
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or not) is subetantiaHy correct The regular system of 
crevasses of a glacier is approximately transverse, rather arched 
opwarde towards the origin of the glacier ; aud as De Sauseure 
supposes the glacier to he pressed downward by the mass of 
8D0W accumulating at its head, it is hard to believe that he 
could have regarded these fissures as in anj' way essential to 
itfi movement, even were they very numerous ; the tendency 
of such a pressure iirom above would rather seem to be to pack 
the ice like an arch, opposing its convex side to the direction of 
the pressure. 

The view now given of De Saussure's theory of glacier 
motion is not only conformable to what may be gathered from 
his writings, but expresses the unanimous understanding of his 
DOmerous commentators, followers, and opponents. As some 
doDbt has lately been hinted as to the definiteness of De Saus- 
sure's conception of a glacier aa a mass devoid of flexibility and 
plasticity, and urged down a slope as a whoh, by the lubricating 
action of fusion in contact with the soil to an extent which, in 
extreme cases, might even give it the character of buoyancy, 1 
will take the liberty of quoting some indisputable authorities 

P°*TongBt writers of name in different countries. 
And first from De Saussure himself; — 
" La chaleur de la terre fait fondre les neiges et les glaces, 
mgme pendant les froids les plus rigoureux lorsque leur epaisseur 
est assez grande pour preserver du froid exterieur lea fonds 

sur lesquela elles reposent." — Voyages, § 532 " C'est elle 

qui entretient les torrents, qui, mfime pendant les plus grands 
froids, ne discontinuent jamais de sortir de tons les grands 

glaciers." — § 533 

" Presque toua les glaciers reposent sur des fonds inclines ; 
et tons ceux d'une grandeur un peu considerable ont au-dessous 
d'eui, raeme en hiver, des courans d'eau qui coulent entre la 
glace et le fond qui la porte. On comprend done que ces 
masses glacees, entrainee par la pente du fond sur lequel elies 
reposent, degagees par les eaux de la liaison qu'elles pourraienl 
contracter avec ee- wome fond, soulevees Taeme (\\w\cpftfo\s ■^w 
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ces eaux, doivent pen S peu gltsser et descendre en euivaut h 
pente des vailees, oa des croupea qu'ellea couvrent." § 535. 

" Quand on coneidere que ces glacee reposent ear des plaxs 
inclines, qu'il coule sons elles des torrena d'eaux qui ]es fondeut 
par en bas, les detachent et lea soulevent, ne eent-on paa qiM 
leur permanence dana la meme place est ime chose physiquenevt 
impossible?" § 2284. 

Ramond's account: 

" La cause [de la marche dea glaciers] est facile a concevoirr 
one masse qui pese sur iin plan incline tend nccessairement a 
descendre, et cette tendance est favoriseo dans les glaciers par 
le clioc des torrents qui roulent sous leur vofltea, par I'humidite 
que leur masse communique au terrain qui les porte, enfiu par 
cette multitude innombrable de cavities qui creuseut leur partie 
inferieure, et dont Teffet est de diminuer le frottement en 
diminuant I'etendue des surfacea*." 

Elie de Beaumont's account of De Sauasure'a theory ; 
speaking of the lava of Etna, he says, " L'ecorce superieure d'une 
coulee eeparee de l'ecorce inferieure et du sol sousjacent par ime 
certain epaisseur de lave liquide, ou de moins visqueuse, se trouve 
dans un etat comparable a celui d'un glacier, qui, ne pouvant 
adherer au sol sousjacent a cause de la fusion continuelle do, 
couche inferieure se trouve contraint S glisserf," 

Bischoffa account : 

" Das jahrliche Vorriicken der Gletscher welches Sausi 
ganz einfacli aus einem allmiiligen Herunterrutschen der unteren 
durch das Auftbauen des Eises schliipfrig gewordenen Seite des 
Gletschers auf der schiefen Flache des Bodeus erklart, ist eine 
bekannte Thateachet." 

Agassiz'a account: 

"Autrefoia on admettait tout simplement qu'ils glissaient 
BUT leur fond, en vertu de leur propre pesauteur, et que ce 



vant 



* Vofsgea en Sniue par Coze, traduit par Bamond, ii, 119, 1790. 
+ Memoires pour serrir i 1ft Deecription Qeologiq^uc de la Prance, i 
pabli Billed 1838, 

/ Warmvhbre, p. 180, pnblUlied 1837. 
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glissement etait favoris^ par les eaux au fond de leiir lit. C'6tait 
I'opinion de Saussure.*" 

Martine' account : 

" De Saussure, Escher de la Linth, Andre de Lno, attribuent 
cette progression au poids dea glaces et a I'affaissement produit 
par la fonte de la face inferieure qui repose sur le solf " 

Studer'a account ; 

" Die bislier fast allgemein herrschende Theorie erklarte die 
Bewtgiuig der Gletscher aus der Schwere allein. Ea soil die 
Gletachermasse als starrer Korper auf ihrer Felsgrundlage, wie auf 
aner schiefen Ebene, theila durch iir eigenes Gewicht theils durch 
dem Druck der hoheren Eis-imd Fimmaase herunter gleiten 
(Gniiier, Kamond, Kuho, De Saussure, Escher)4" 

This last testimony of the most exact and most learned of 
the living Swiss geologists as to the sense in which De Saus- 
sute'a theory has always been understood, is so important that 
I shall add a translation: — "The hitherto generally prevailing 
theory explains the movement of the glaciers by gravity alone. 
The glacier masaea are considered as rigid bodiea, which slide 
down over their rocky beda partly by their own weight, partly 
nnder the pressure of the higlier ice and nive.'"'' My interpre- 
tation of the views of De Saussure as regards the rigidity of the 
glacier ice is thus borne out by an independent authority, for 
M. Studer's work and my own appeared simultaneously. It is 
further confirmed by private communication with another 
Micent Swiss uaturaliat nearly connected by relationship with 
De Saussure himself, who is more intimately acqutunted with 
flte opinions and writings of his illustrious kinsman than any 
other person now alive, and who considers that De Sausaure's 
views were confined to the general analogy of the glaciers to 
wild maasea sliding down inclined planes, and that the effects 
tit the inequalities of the channels and forms of the ice-basins 
*ere not comprehended in his theory. § 

• EladsB BUT les GincUrB. p. 153, pnbiisbed 1840. 

t Bur lea Glaciers de Spituberg. BibllolMqne UniyerBclle, 1840, tom. ixTiii. 
P> 166. X Lehrbuch der pbj-Biialiiichen Geogrsphie und Geologie, 1844. 

J [M, Neelter-de-SauBBure is lierc raforred tn.] 
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If we fed amfnm Ait a latadrt nd obm u we x so etnineDt 
kai Mt aircrted to Oe fiBe^ of ^— ^J-c a aoUd cake pf 
iet, erca doo^ pexfcetlr drtacbed 600 ito bed, to dtsetigage 
itadTfiiHi AeolatidesiBd m a nwriw af hi nc^ channel, we 
AobM wmb cr, — ^^a^ tbvt Ad rrrlimtioB is given in tfas 
BOit £UMJul tons, aid t&oe is ao af^KarHwe that its antlwr 
loolnd none dcMdr at its co nncq a ca c c i and details tkan [a 
MCafy InnBeir that ■ aGdiDp notin in the abstract was ren- 
dered pomabk bj the acliaa of the earth's proper heat, m 
ingeiinoaa aad phiIoao{ifaical deaieaA of the thec^ t^oweTet 
inadequate}, aikd that wUdi beog doe prineipalh- to De Saossure, 
tmden the theocy pKipeily Ue, and connected it with h^ 
ingenioaa in^tii; into this cnnooB part of phjsicE as a distmct 
and wboDj independeDt investigatioD. Secondli/. Eveiy one 
knows hov an ^iphcstioa of a prioriple 90 troe and so ingenions 
leads roen of even Ae most exact habits of thooght to overlook 
difficulties in a snbject atmoGt nnstadied. Be Saussore did 
mucli for oar knowledge of glacieis, and he saw much which no 
one bad obserred before him : we most not blame him if, 
yielding to a tme and natural analogy of sliding bodies, he 
overlooked real and great difficnlties inherent in the conception 
of a glacier as a solid contLoaotis mass and highly rigid. Thirdly. 
In De Sanssnre's time no plan or map, worthy of the nune, of 
any glacier existed, and this was a blank which even De 
Saussure did not attempt to supply. The popular notion of a 
glacier, which it is certain he had in bis mind when he penned 
the passages which relate to their motion, is a ma^ of ice of 
small depth and considerable but uniform breadth, shding down 
a uniform valley, or pouring from a narrow valley into a wider 
one, as is the case with a vast majority of glaciers tolerably 
accessible, and which alone were visited at the time of pnblicar 
tion of the first edition of the Voyages dans les Alpes. In all 
these cases the lateral resistance might easily be overlooked, and 
the popular comparison to one solid body sliding on another and 
lubricated by its own liquefaction, might be accepted as a com- 
pteto Qjcplaiiatioii ; m has even been done at a later period by 
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those who have atompted to illustrate De Saiissiire'B tlieory by I 
experiment, but who, like him, neglected the form and undula- 
tions of the bed in which it rests. 

§ 4. MoDiFioATioNs OP De Saussuuk's Theokv. 
De Saussare and his immediate followers appear to liave ' 
wnsidered the cre^ases which occur transversely in most glaciers 
as tie result of the inequalities of the beds down which they 
i\te constrained to move ; but other writers have imagined that 
lifi part which these crevaBsea perfonn in the pheuom 
glacier motion is fundamental, and essential to the existence of i 
ibe movement at all. Some writers have remarked that the 
M of ice blocks over the precipic:e which often occurs near , 
the lower end of glaciers, leaving the superior portions unsup- 
ported, allows them to advance to fill the position formerly 
Dcoupied by the portion of the now fallen ice. But in this 
case it would appear that cause and efi'ect are in some degree 
confounded. The ice about to be projected over the cliff must 
either advance towards its fall by its own gravity, or by the 
jiresEure of the parts behind. If its own gravity suffices, the 
same cause will urge the ice beiiind it to move similarly, whether j 
the block in question faU or not ; and if it be the pressiu-e from | 
behind which shoves it on, then still more is the pressure of ^ 
the entire glacier the cause of motion of the entire glacier, 
iirespective of the precipitation of its more advanced part. 

Thus, M. Martins' theory of the progression of glaciers is, 
that the weight of the pails causes them to separate by fissures i 
into wedge-shaped masses, without their sliding along the bottom ; 
tittt the fissures become filled with frozen snow, and that thus I 
tie glacier is perpetuated and extended year by year. " Cette I 
IffOgression," he says, "n'est done ni un glissement 
sfiaissement difBciles a comprcndre, puisque la glace doit adherer 
SJI sol, mais un demembrement succcssif."* Besides other 
objections, it is now universally admitted that the glacier-proper 
does not grow by the consolidation of snow in its fissures, 

* IrUrtins sur lea Glaciers de Spitibcrg et de 1i SuJEse. Bill. Hmv. Juillrt le 
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But setting aside the attempt to render the sliding motion 
of the entire glacier considered as a plane slab more easy, by 

coneidering the motions of the parts instead of the motion of 
the whole, we are led to notice the attempt to reconcile the 
sliding theory to recent observation, by ascribing to the crevasses 
of the glacier the important office of enabling it to accommodate 
itself to the inequalities of its channel. 

Our object is, in this section, merely to state the view in 
its most plausible form, which in the succeeding section we 
shall controvert by experiments giving it a direct negative. In 
the third portion of this essay we shall enter more at large into 
the phenomena of crevasses, and mention other objections to 
this hypothesis and every modification of it. 

According to this view, the fnction of the ice against the 
sides of the valleys will produce a dislocation of the glacier into 
longitudinal stripes (as shown in Plate II. fig, 1.*), where a 
transverse line hh' becomes by the irregular motions of the ice 
distorted into the zigzag form hc&h. Or if we suppose the 
plasticity of the ice to be sensible, but that its action is accom- 
panied with fractures, the abruptness of the angles of the fignre 
will be softened, as in the broken lioe Imm'l iu the lower part 
of the same figure. This latter hypotheslB evidently merges into 
the true plastic theory, when the part of the progression due to 
the flexure of the transverse lines bears a large proportion to the 
effect of the longitudinal slide, or more generally, when the 
surfaces of sliding or yielding become greatly multiplied, when 
the notched line will merge into a curve. 

The passage of the glacier through a gorge or contraction 
is explained on the same view by fig. 2, where the resistance 
of the sides having occasioned a series of parallel longitudinal 
rents as before, the portion of the glacier beyond the limits of 
breadth of the gorge BB' is supposed to be detained or embayed 
whilst the intermediate coliunns slip through. 

• Tbeee flgiires and their interpretation aro taken from Mr. Hopkina' Flrnt Momoir 
in the CumbriJge TranBoctions, vol. viii, port 1. A iigurB siiuilnr to ihe first i* la 
be foand in a more recant paper by the same anthor in the PhiloBophical Haguioc 
for June 18*5. 
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§ 5, EXPEBTMENTS AT ChAMOPKI ON THE PLASTICITY OF ICE. 

It has beeD shown that ia order to reconcile De SauBstire'a 

theory of eliding motion with the ascertained fact that the centre 
of the glacier moves faster than the sides, it had beeg assumed 
■that solutions of continuity or longitudinal crevasnea were formed 
parcel to the length of the glacier, by means of which the 
central portion slides paet that adjacent to it, and so on for 
successive strips as we approach the sides, the more rapid 
•^tordation near the sides being rendered mechanically possible 
by the increased nimiber of these longitudinal dislocations. 

The result was therefoi* predicted to be, that the glacier 
Would be found to move by Echelons, or that strips of ice of a 
certain number of feet, or yards, or fathoms, would move either 
suddenly or by gradual sliding, but at all events so as to mark 
hy an abrupt separation at tlie longitudinal fissure, that the one 
portion of ice has slipped past the other by a distinct measurable 
quantity. 

When I first learnt at Geneva, in August 1844, &om Mr. 
Hopkins's published papers,* that this was really the author's 
•D^eaning, it occurred to me that the proof between the rival 
theories was eaey, and that it was only necessary to place a 
Series of marks in a right Ime transversely to the glacier, and 
observe whether tbey were displaced by an imperceptible flexure, 
Or whether they slid past one another by sudden dislocations. 

Such a proof was independent of any assertion as to the 
existence or not of such fissures as those contended for, about 
which different opinions might be formed, especially as they 
might be asserted to exist although invisible to the eye. Being 
satisfied in my own mind of the non-existence of such fissures 
wherever the ice is not violently dislocated and descends a steep 
place in a tumultuous manner (which, as ab-eady mentioned, is 
not the case which we consider), 1 had no hesitation in predicting 
that the result of the experiment would be confirmatory of my 
theory, and contradictory of the other; that the transverse line 

* Cnmbiidga TrniiSBctions, vol. viii. 
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would be found to become a coutinuouB curve, and that uo other 
Byatem of fissures could be found in the glacier satisfying the 
mechanical postulate of the greater velocity of the central parts 
of the glacier, than the ribboned structure of the ice, which I 
1 already pointed out as resulting from a forced separation of 
the semi-rigid ice, at a vast, though finite, number of points in 
the breadth of the glacier, and which I showed to exist exactly 
in the direction required for releasing the mass irom the tension 
induced by the gravity of it« parta. 

Having gone to Chamouni a few days later, I looked out 
for a place where the ice should be as compact as possible, 
wholly devoid of open fissures, and if possible continuous up to 
the bank. This latter condition I found it impossible to fulffl 
on the Mer de Glace, at least without ascending to the n4v4, 
which might be objected to as less rigid than the glacier proper. 
The former condition was well satisfied in a sort of bay on the 
west side of the Mer de Glace between the Angle and Trelaporte, 
exactly under the little glacier of Charmoz. The part adjoining 
the western shore of the glacier is indeed highly crevaased, and 
therefore unfit for this experiment ; but at the distance of fifty 
or sixty yards from the moraine it becomes remarkably flat and 
compact for a space of about seventy yards in width, and several 
hundred yards in length, throughout which space there is not a 
single open crevasse. Now this compact area of ice presents 
the veined structure in a nearly longitudinal direction, with a 
degree of delicacy and distinctness not to be found in any other 
part of this glacier (as I had already remarked in my Travels, 
p, 159), and it contains no other trace of a system of longitu- 
dinal fissures or lines of separation of any kind, which could 
render mechanically possible the distortion of this flat compact 
surface of so great an extent. Now I have always observed 
that the veined structure near the side of a glacier is best de- 
veloped where the ice is least crevaased, or the continuity of 
the mass most perfect ; a fact stated and referred to its tnie 
cause fi^m the first date of my speculations on the origin of the 
blue veins, in the following words : — " The veined etnioture 
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W aa to lose horizontal cohesion, as when it is divided into pyra- 

I Diid^ masses. Now this immediately follows from our theory ; 

■ fir as soon as lateral cohesion is destroyed, any determinate 

m '^equality of motion ceases, each mass moves singly, and the 

I slrncture disappears very gradnally."* Now the ice at the 

m point in queetion is the compacted ice which has just passed 

M TOUnd the great promontory of Trelaporte, having been rent 

M by numberless chasms, and which is consolidated hy pressure 

■ ^n the bay in question, whilst the centre of the glacier being 

I stiJl on the steep is deeply crevaseed. The structure of the 

Oven ice is continuously striped with a regularity comparable to 

'nat of the finest chalcedony for a distance of some hundred 

'*^e-t. This structure must have been produced on (he spot, since 

**c> Such perfect structure exists higher up, and if it did, [it] must 

"^■^■e retained all the marks of dislocation due to the formation 

^■^*<i reconsolidation of the fissures, wliich are so numerous and 

^^^■■<3e as to render the passage of the glacier quite impracticable 

It "^ve follow the same strip of ice up towards the promontory of 

*~elaporte. Let it then be recollected that the structure is 

P'*~*>*:iuced here, under our eyes, on the very spot where the 

®^'^I>eriments about to be detailed were made, and that the 

^'-•"•^victure in question produced a vertical elaty cleavage so 

^'-^tinct, that the ice broken icto hand specimens may be split 

Parallel to it like any slaty rock, and that the fine hard lamina? 

^■*~*^jecting vertically afler the glacier has been washed by raui, 

t*^i'tnitted the blade of a knife to be thrust between them to a 

^Pth of several inches, although they are rarely more than a 

I'^arter of an inch thick. 

I shall now describe the actual measurements made upon 



tbe 



glacier, in order that my method of proceeding in simihir 



^^aes (when T have only published results) may be understood. 

The genera] position of the experimental surface will be 

***ldcr8tood from the topographical sketch (Plate III, fig. 1). 

J. * Third Lellar on Glnciers, Eciiubnrgh PhiioBopliicul Jonraal, October 1843, 
U'«e<; 2i i,f tLc prraent voli 



M 



106 



VISCOUS THEORT OF GLACIEE MOTION. 



[IS45. 



The theodolite was planted at a fixed point on the ice Q, juet 
within the crevasaed portion, which intervened between it and 
tlie western shore of the glacier. This point of fundamental 
and constant reference was fixed by an exactly vertical hole 
pierced with an iron Jumper, or blasting iron, one inch ia 
diameter, and waa frequently deepened ju order to preserve the 
centre as exactly as pOBsible in the same vertical line in the ice. 
The theodolite was centred over it at every observation by 
means of a plummet, which nearly filled the cylindrical hole 
and permitted an adjustment, which one day with another 
might be accurate to about one-tenth of an inch. No stick was 
placed in the hole, but when not in use it was covered by a 
large fiat stone, which efiectually prevents congelation in ordi- 
nary weather.* The adjustment of the theodolite on the ice is 
always a matter for patience, but I succeeded in rendering it 
perfectly stable when once erected, by inserting the three feet 
in cavities in the ice, and filling them carefully with ice chips. 

The theodolite, placed at Q, was pointed with its vertical 
wire on the well-defined angle of an erratic block Ql on the 
opposite eastern bank of the glacier, above Les Echellets (see 
Plate III. fig. 2), By causing the telescope to traverse in a 
vertical circle, a transverse line joining the points Q, Ql, was 
determined, and several stations were fixed in the compact ice 
eastwards of Q, at distflnces &om it of 30, 60, and 90 English 
feet, and subsequently at 120 and 180 feet. These were num- 
bered in succession (1), (2), (3), (4), (5), and the permanence of 
their positions in the ice was secured as before by carefully 
di'iving vertical holes two feet deep, wliich were occasionally 
deepened, and covered with flat stones when not in use. As these 
points were in succession nearer to the centre of the glacier, 
they were expected to move with gradually increasing velocity 
in advance of the imaginary line Q, Ql, drawn across the ice. 



* Od one occasion this precnution having been neglected (in the cue of a 
different mark on the ice), tlia lio!e waa found conipletelj frozen np after exposnre 
a daf or tvo of scTcre n-catbor in ths month of August. It wna. however, 
Dvpred hj ohsei-ving Iho lieautiful stellar form of the ice-orjataliiaation. 
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Bat aa the theodolite stationed on the glacier at Q mtiBt 
partake of its motion whilst the mark Ql on the bank remained 
at rest, the Tiaual liue QQl would appear to revolve towardt 
the origin of the glacier, and hence the relative advance of the 
points (1), (2), etc., would seem too rapid. To estimate the 
eonection for this error the velocity of the glacier at Q must be 
determined, and also the distance QQl, For the former purpose 
the following method was adopted. When an observation at 
BtBdon Q had been completed, by pointing the telescope on Ql 
and observing the apparent advance of the points (1), (2), etc., 
tlifl telescope was reversed in the Y'a, or turned 180° towards 
the western moraine, upon which it indicated from day to day 
a new position, owing to the angular revolution of the line 
joinicg the fixed point Ql and the moveable point Q. The 
point Q2 in the topographical sketch (Plate III. fig. 1) indi- 
catea the point where the visual line touched the moraine at the 
commencement of the observations on the 9th of August 1844. 
By the application of a scale or a similiar method, the apparent 
advance of Q referred to the moraine Q2 was regularly measured. 
It is thus obvious that these apparent motions were too great 
(by tiie property of diverging lines) in the ratio of the distance 

Ql Q2, to Ql Q; and hence it became necessary to ascer- 

(sin the position of Q2 as well aa Ql. For this purpose a 
base-line of 300 feet was measured on the ice parallel to the 
length of the glacier,* [and the following reault-s obtained] : — 

Q Ql = 2569 feet. Q Q2=550 feet. 

The apparent motion of Q measured on the moraine ia greater | 
than the true motion in the ratio -■ °^^^^^" or j- nearly. The 
actual motion of Q is readily deduced, as well as the apparent 
rotation of the visual line QQl. Thus during 16'75 days, the 
duration of the experiment, the apparent advance of Q referred 
to the moraine Q2 was twenty-three feet sis inches, which at 

the distance Ql Q2 {3119 feet) subtends an angle of 25' 54", i 

or almost exactly one and a half minutes daily. \ 

* [Tlie BuWdinato dclnils are litre abridged from the I'hilisojiliicBl Transact ions, J J 
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[Omitting the details of the eorrectione, the following table 
preaentfl the results of the obaervations for three periods, 
Aug. 14-26, and Aug. 17-26.J 
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1-17 0-086 
1-12 10-084 
1-16 1 0-090 


inch. 
1-60 
1-59 
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inch. 

2-03 
2-lG 


0-153 
0-167 


2-94 


0-329 





This Table shows, first, in a striking point of view, the 
regularity of action of the law by which the variable motion of 
the different transversal points in the glacier is governed, since 
the movement in the different intervals bears so near a propor- 
tion, that wlien estimated in terms of the actual motion of the 
glacier at the place, the relative motion of the parts scarcely 
differs by unity in the second place of decimals, and is geneiBlly 
much under it. Taking into account the inevitable errors of 
observation and the extraordinarily unfavourable circumstances 
of the weather, it is in the vet7 highest degree improbable that 
this law of continuity of the partial motions can be accounted 
for by any casual justUng or slid'ug of one finite portion of the 
ice past another, which would ine-itably have left some of the 
points relatively at rest during some one of the many intervals 
of observation, and given to others evidence of a starting motion 
until friction had established a fresh position of repose amongst 
the struggling masses. 

Secondly, This Table enables us to establish not only the 
continuity of motion of any one point, but the continuity of the 
relation -which connects the pointe (1), (2), (3), etc. For 
instance, the relative motions of (1) bemg 
■69 -66 -56. 

' The Inia Bum ought to lie nbnnt fnnr inches grealor, Tho difterence arius 
rrom the iniposBihility nf eatimating the correol velocitioa for ihe frnclinnM int<'rva]B. 
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and those of (2) being 

M7 1-12 1-16, 

the ratioB are 

1-98 2-00 2-07. 

In like manner the ratios between (3) and (2) will be fotind to Iw J 

1-37 1-42 1-44. 
From these data the simultaneous relative motions of these 
sis stations may he projected in a curve, or rather [lolygon, as 
shown in Plate IX. fig. 1, [of the Phil. Trans, for 1846.*] This 
is interesting, as showing very plainly, not only the regulated 
increase of swiftness of the glacier towards the centre, hut that 
the variation of the variation is clearly brought out, indicated by 
a convexity in the direction of tho motion, atid confirming the 
general principle long ago announced by me, that the retarda- 
tion is relatively greatest towards the side, and less towards 
the centre. I appeal to any one conversant with the lawa of 
mechanics in their practical application, whether tho manifest 
continuity of such a law does not plainly include a continuity 
in the mutual action of the parts of the mass under experiment, 
and even independent of the manifest absen<:e of great disloca- 
tions, would not establish the doctrine of a molecular yielding, 
or plasticity in the ice, as opposed to the irregular justlmg of 
great blocks, admitting that such could exist unperceived. 

The period through which this experiment extended (seven- 
teen days) is conclusive against the idea that a small flexure 
could take place until the accumulated strain on the solid pro- 
duced a rupture, which relieved the strain, and so forth, per 
saltum. The continuity of glacier motion in every case except 
that of precipitous descents or ice-falls, first proved by my ex- 
periments in 1842, is now universally admitted by those who 
have had any personal experience in the measurement of glacier 
motion, however opposed to my theoretical viewB.t The 

■ [Tci estiiDate rightly the resolt of tbc projection, it requires to be made OQ a 
rather inconveniently Inrge Bcale. It has not ther 
volumel- 

t See proofa cited in mj Ninth Letter oa OIbc 
Jmimttl, April 1845 [and page 68 of this Tobnie|. 
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obanges for seventeen days were connected (as has t>een shown) 
by & law of continuity established by numerous intervening ob- 
servations ; and the flexure or distortion of the ice amounted in 
this time to no less th&n four Jeet at the opposite ends of a line 
180 feet in length. It is quite certain, from my ovm previous 
observations and those since made by M. Agassiz's directions on 
the glacier of the Aar, that the movement thus shown to have 
continued seventeen days without a saltus would have continued 
the whole season in the same manner. In fact, the deformatttm 
or flexure thus observed Iwing sufficient to account for the whole 

I excess of the central above the lateral motion, is in itself an 

I explanation, and a proof that the explanation is adequate, and 
leaves nothing residual to be accounted for by saltua* 

I have more to add on this subject, hut shall first give an 
account of an extension of this experiment on the actual flexure 
of the ice, upon so elaborate a scale as I scarcely ventured to 
hope would prove successful, especially as the time I could 
devote to watch its progress was small, and the circumstances 

I of weather excessively unfavourable. 

I Having succeeded so well with the thirty feet station in the 

transverse liue, I thought of multiplying the points of observation 
still further, so as to obtain a polygon of flexure more nearly 
approaching to a curve. This I did by making the first ninety 
feet of the transverse line, i. e,, the space between Q and (3), 
Plate in. fig. 3, the subject of more immediate experiment, 
fixing in it forty-five stations only two feet apart. After seve- 

I ral partial failures, which gave me, notwithstanding, encouraging 
results, I selected this plan : — a space a foot wide and ninety 
feet long, was cleared with hatchets and ice tools, so as to 

I arrive at a nearly even surface of the hard delicately-veined ice ; 

I • Mr. Williamaon, Folio* of Clara Hall, CambricJge, to whom I propoaad this 

I experitnuntui tost of tlie theory of movement h; &Aeltmf, mnde a series of independ- 

I sot obseryatlotia an Iho Mer de Glace, which coincided in rcanlt with what haa b«eD 

I itatei] above. After a patient e:iamination of these facte, and of others which lie 

■ cbaerved on difieront glaciers, I am glad to say that Mr. WilliamsoQ was led to 

I aliiuidon the theory of sliding columns or fragments, and to accept that of plasticity 

I ti canneotod nith tb« meobamBm of the veined structure whiab I bare endeavonri^ 
L to iJIttstrate abovn. 
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and gutters were made 80 as to drain as far as possible tbe sur- 
face water from the part under experiment. Tlie theodolite 
being stationed as usual over Q, and the vertical wire of the tele- 
scope describing a great circle passing through the line QQl 
transverse to the glacier, an assistant (Balmat), directed by my 
signals, bored a series of holes from two feet to two feet, forty- 
five in number, with a common carpenter's centre-bit, and aa 
nearly as possible in the visual line. The holes, which were 
^^th of an inch in diameter, and about five inches deep, were 
immediately occupied by wooden pins prepared for the purpose. 
These pins were placed as nearly as possible in the visual straight 
line, but from the nature of the operation, some errors were in- 
evitable. The amount of these errors of position or zero of the 
marks was immediately determined by causing the vertical wire 
again to traverse the aeries, the assistant placing over the centre 
of the head of each pin in succession the zero point of a scale 
of inches divided both ways, and held parallel to the length of 
the glacier, so that (the divisions to tentlis of an inch being very 
plainly marked, and divisible by estimation by the telescope) 
the fundamental position of each piu was ^determined, and con- 
sidered as + if in advance of the traverse line {in the direction 
of the glacier's motion), and — if behind it (or nearer the origin 
of the glacier). . The mere error of reading did not in any case 
exceed ^'^th of an inch, though the uncertainty of centering of 
the theodolite over Q might amount to jVth of an inch, or even 
more. The two marks nearest Q had their positions deter- 
mined by a thread stretched from the station-pointer of the 
theodolite to the third mark, their distance being too small to 
be distinctly seen by the telescope. 

The very same process, as regards the placing the zero of 
the scale on the head of the pin and reading off, was repeated 
on subsequent days, and the new readings, minus the funda- 
mental readings, gave the apparent relative motion in the inter- 
val. This apparent motion had to be corrected, exactly as be- 
fore explained, for the rotation of tbe visual line due to the 
translation of tbe fundamental point Q. \SoHic ieteSa «ta' 
mnitted. " 
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The results of these observationa will be best uiiderBtood 
bj consulting the projected results in Plate IX. fig. 2 [of the 
Philosophical Transactious for 1846]* in which the advance 
of the marks ia magnified twofold relatively to the spaces 
between them, which was necessary for the reduced scale of 
Uie engraving, although it has the disadvantage of increasing 
^ deviations from symmetry, which might ai'ise from errors 
of observation. As those who have not attempted the actual 
tsecution of such experiments cannot be aware of the difEcultiea 
they entail, it may be just to mention, that during weather so 
DUfeTOurable as that which occurred during the continuance of 
Ibese experiments, nothing can be so irksome as the necessity 
of persevering in the face of physical obstacles, the only alterna- 
tive which tlie necessary limitation of my stay afforded being to 
ttbindon them. I do not speak of the painful effort of conduct- 
big delicate observations for hoiu^ under a hot sun, whilst thti 
feet are immersed in the liquid sludge of decaying snow, for I 
80 not aware of having sacrificed the precision of a single 
obeervation to such a cause (though m the course of my glacier 
*il)erience I have sometimes been compelled to abaudon or dis- 
Mntiiiue observations), but it is easy to sec that the success of 
eiperiments like this depended upon the absolute fixity of the 
marts inserted in the unstable and wasting aurfin:e of the gla- 
'iier, and that the most dry and uniform condition of the ice 
'Seined alone to promise a chance of finding the small pins in 
tbe exact positions in which they had been planted a day op 
t*o before. Instead of this, eleven out of nineteen days which 
' spent at Chamouni were wet, and notwithstanding the sea- 
*Mi of the year, the glacier was repeatedly covered with snow, 
^d, in melting under a succeeding fierce sun, left the surface 
honeycombed by infiltration, and sti-eaming with wet, so that 
'^ preservation of the holes was only effected by laboriously 
Wvering every one with large flat stones during the intervals of 
observation, and even this was not free from other disadvantages 
"uich it would take too long to particularize. On the whole, 
» [Sec note to page 109, above.] 
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tlie unifoiimty of the triple curves exhibited in fig. 2 ia Burjjris- 
ing, considering the local errors to which the fixation of the 
pins was hable, and the smalhiess of the quantities sought. 
The first two curves, those for the 21st and 23d August, are 
indeed as perfectly regular as it would be possible to expect from 
this kind of observation, even much more so than I had ever 
hoped to attain ; but on the 26th the holes containing the 
pina were more degraded, and some manifest errors have arieen 
from this cause, and evidently affect only single marks, such as 
the twelfth and twenty-fifth mark, which singly have inclined 
forwai'd or backward, by the fusion of the ice. With these pre- 
liminaries as to the reasons why the irregularities of these 
curves should he judged [of] with indulgence, I will state briefly 
the most apparent general results. 

First. The flexure of the ice is proportional, almost exactly 
to the time elapsed in the intervals of the observations ; and it 
ia also graduated from point to point, not staccato, as would 
inevitably have been the case had the relative motion been due to 
the sliding of finite portions past one another, as in Plate II. 
fig. 3. We perceive nothing of the kind. 

Secondly. A singular peculiarity strikes the eye, which at 
first puzzled me, but when the cause was explauied, confirms in 
no shght degree the accuracy of the methods employed, and their 
fitness to reveal the minutest motion of the glacier. The citrvea 
of Plate IX, fig, 2 [of the Phil. Trans,], cut the axis, not all 
exactly at the same point ; but on an average, this point may be 
fixed with tolerable accuracy between the third and fourth mark, 
or seven feet from the fundamental station Q. The first and 
second marks moved evidently/ slower than the point Q, or the zero, 
and the progress of the third and fourth is dubious or irregular. 
The cause of this peculiarity was clearly ascertamed on the apot 
to be the existence of two crevasses belonging to the lateral 
system of crevasses, between which, at their thinning out, the 
station Q had been placed, under the idea that their diEtaace 
was sufficiently great not to afi'ect the motion. The poution of j 
these crevasses is shown in Plate III. fig. 3, by which it njllt J 
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be seen tliat they were fifty feet apart in the direction of the 
length of the glacier, and that a line joining their extremitiea 
passed eight feet nearer the centre of the glacier than the point 
Q, thua almost coinciding with the point of contrary flexure, 
which was evidently occasioned by a slightly superior advance 
of the mass of ice on which Q was placed, thus insulated in 
some degree between the two fissures. This enables us to 
transfer the origin of our curve to a point of undoubted solidity, 
namely, the fourtii station, from which point it swells with the 
regularity which has been described, and which establishes the 
compactnefia of the ice experimented on in the most convincing 
manner. 

Thirdly, The curves reckoned from the origin, thua experi- 
mentally indicated, show, in a beautiful manner, the convexity 
in the direction of the glacier motion before alluded to, which 
is singularly striking, considering the shortness of the space in 
which it is developed with nearly mathematical precision, being 
only about 5'gth of the breadth of the glacier in this place (see 
ground-plan, Plate III. fig. 1. Even an inspection of the curves 
(Plate IX. fig. 2 of Phil, Trans.) can faintly convey the impression 
made upon my own mind, when, upon the 26th of August, I placed 
the theodolite for the last time over station Q, and caused the 
vertical wire to pass in iront of the line of pins bent into the 
convex shape by the relative motion of six days' continuance. 
Thus seen in foreshortened perspective, the eye would in an in- 
stant have seized an abrupt motion or discontmuity of the line, 
but " the appearance of the curve they formed was beautiful j 
the whole line of pins was deviated from the visual* line QQl, 
by an angle equal to 12'45 inches, seen at a distance of ninety 
feet, or about 40', and besides this, the pins lay in a beautiful 
and nearly continuous curve, presenting its convexity towards 
the valley, and decidedly without any great step or start. 
This was beautifully seen when I directed the vertical wire of 
the theodolite upon the forty-fifth pin, and caused it to describe 

* [Mispriiitccl itiiial^ 
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^^H a vertical plane.* I observed, however, a curious fact, plmnly 
^^H indicated by the numerical results ; the curve crossed the asia ' 
^^H at the fourth pin, and attains its greatest convexity at the 
^^H twenty-fifth. ' ' f 

^^^1 Fourthly. That no information might be wanting as to the 

^^^^ precise condition of the mass of ice under experiment, I made 
^^^H a very minute examination of the state of the transverse line 
^^^H with respect to the occurrence of flaws in the ice. The most 
important of these was one which returned into itself, crossing 
the line towards the origin of the glacier between the twenty- 
sixth and twenty-seventh marks, and returning backwards 
between the fortieth and forty-first without extending further 
wards. Such a flaw, even if devoid of cohesion, could only 
act by allowing the piece of ice, contained between the twenty- 
seventh and fortieth mark, to slip bodily forwards, leaving a 
vacuity behind. No such slip is recorded in the observations, 
and no such gap or vacuity was left during the continuance of 
the observations for seventeen days. Nothing approaching to 
an open fissure occurred in any part of the space of ice under 
observation, and the few flaws noted (see the column of remarks 
in the Table, p. 112, and the indications of them by dotted lines 
and arrows in Plate IX. fig. 2 [of Phil. Trans.], showing their 
directions) were perfectly clo8e,and all more or lessof zigzag forms, 
preventing the possibility of sliding. The veined structure was 
developed in every part of the section, in some parts more admi- 
rably than others, as near the seventh mark, and between the for- 
tieth and forty-fifth. These countless blue veins may be con- 
sidered as so many flaws or partial solutions of continuity, existing 
or having existed ; they are almost perfectly straight, and (as will 
be shown immediately) exactly m the du-ection in which the rela- 
tive motion of the parts of the ice demonstrated by these 
experiments takes place. It would require strong evidence to 
convince us that these veins are not occasioned by, and the 
mechanism of, the plastic motion of the ice. 

* An apprQxiamtioii to this effect will be obtained hj stretohiDg a fine tluMd 
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The beautiful convexity of the curves in the direction of 
motion which the eye at once seized, and could more accurately 
distinguish by the theodolite, as having its largest sagitta at the 
twenty-fifth mark, namely, almost exactly midway between the 
fourth mark or convex origin, and the forty-fifth or extreme 
mark, contains in itself an evidence with which no person of 
correct habits of thought can fail to he struck, as proving a 
regular plustic action of gravity, or other propelling force, acting 
from point to point on the mass of tlie glacier. I made, how- 
ever, a check experiment almost unnecessary, but which I will 
here detail. Lest it should be alleged that the whole area under 
experiment was a moving one, capable of being swung round 
by the pressure upon the centre of the glacier, so that the dis- 
placement of the transverse line was due to rotation of the mass 
operated on- round some distent centre, I took care, near the 
commencement of my experiment, to fix a mark in the ice in 
tlie same line with Q parallel to the length of the glacier, or 
perpendicular to the transverse visual line at the commencement 
of the experiment. This point is marked q in Plate III. fig. 
3, Now, had the block of ice on which the marks Q, q, (1), 
(2), (3), etc., were fixed, been revolving round some fixed or 
moveable centre, the right angle (3) Q q would have remained 
a right angle, and so for (2) Q q and (1) Q q. But these angles 
constantly became more obtuse, and that in different degrees 
depending on the convexity of the curve Q, (1), (2), (3) ; and 
80 of (4) and (5). It is impossible, therefore, to avoid the con- 
clusion, that the solid ice was itself distorted to the amount of 
the excess of progression of the more central above the lateral 
stations. 

The results are contained in the following Table, the five 
Btations being those formerly mentioned at 30, 60, 90, 120, and 
180 feet from Q. The first three stations were fixed when the 
Tisual line had an azimuth of 89° 55' [reckoned] from y [aa an 
origin] ; the fourth was fixed on the lith of August, when the 
visual line had revolved through 3' (its daily progression towards 
q in consequence of the translation of the station Q being 
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1' 30" exactly), and the fifth on the 17th, when the visual line 
was in azimutli 89°47i'. 



Table showing the variable ai^imuths (observed) of the transverse 
stations with the longitudinal direction Q q. 



Dule, 


.u 


(l!.l 


I!..) 


,4.) 


(6.) 


AngtaQlQ). 


August 12.2 P.J. 


89 56 


89 55 


89 55 




",,' 


89 55 




90 6J 


90 6 


90 5 


89 52 






17. NoDU 


90 26 


90 3* 


90 33 


90 8 


89 473 




19,5p.m 


90 47 


90 46 


90 41 


90 10 




21.6f,u 


90 56 


90 56 


90 53 


90 21 


90 3 1 


23, 1 F.M 


91 9i 


91 Qi 


91 4i 


90 34 


90 14 


26- Noon. 


91 24 


91 23 


91 la 


90 45 


90 24i 89 28J 



EDIHBDHaH. Julj II 



[As the couciuding paragraph of this paper contained a slight 
mimerical mistake, it has been omitted.] 

[On reviewing these pages, after a lapse of thirteen years, I 
feel afresh the interest of the experimental enquiry above 
recorded, which, to the best of my knowledge, has not yet 
been repeated. I am impressed with the belief that it is well 
worthy of repetition under more favourable circumstances. The 
locality was by no means the best that might be found, although 
it was probably the best amongst the glaciers of Chamouni. 
The very level and almost imcrevassed portions of the glaciers 
of the Aar and Aletch, and of others besides, present favourable 
points for observing experimentally the plastic accommodation 
of a definite portion of ice to the conditions of its motion. But 
in the experiment of 1844 the drawback arising from the weather 
was infinitely greater than that arising from the imperfect com- 
pactness in the area of ice under observation. It is not too 
much to say, that the state of the weather during my observa- 
tions (to which I have referred at p. 113) could not possibly 
have been more annoying and unfavourable. I hope that some 
of the present race of active glaciahstw will resiirao the hiterest- 
ing enquiry. — Nov. 1858.] 



1946.] 



LAWS Of MOTIUN OF A SMALL GLACIEH. 



I On 



XIV. ILLUSTRATIONS OF THE VISCOUS THEORY 
OF GLACIER MOTION.— Part III.* 



§ 6. On the MoHoti of Glaciers of the Second Order. § 7. 
On tie Annual Motion of Glaciers, and on the Influence of Seasons. 
§ 8. Summary of the Evidence adduced in favour of the Theory. 

§ 6. On TDK Motion of Glaciers of the Second Obdee. 

Up to the year 1844 no attempt had been made, so far ae 
I am aware, to measm^ the rate of motion of those compara- 
tively BmaU isolated glacial masses reposing in the cavities of 
liigii mountains, or on cols, called by De Saussnre Glaciers of 
ihe Second Order. 

Some observations had indeed been made upon a glacier of 
to description in 1841, and by MM. Martina and Bravais, 
daring a residence on the Faulhorn. But it was not at that 
time known that the motion of glaciers was a continuous and 
tegnlar one, admitting of rigorous measurement even in short 
uitervals of time, and the importance of such observations waa 
OTttlooked. They accordingly believed that the glacier in 
question had no sensible motion, and probably they did not 
^tnpt to observe it until a subsequent year. It is impossible 
DOW to doubt that the BUlu Gletacher, near the Faulhom, has a 
woTement like all other bodies of the kind. 

In July 1844, I had an opportunity of passing some days 
at the hospice of the Simplon, in the neighbourhood of which 
exists a small glacier of the second order, easy of access, and 
^6ry fit for the experiment which 1 proposed to myself upon 
swli bodies. Its diminutive size made it all the more suitable ; 
for Bhonld it be found to possess a regular motion, we are 
certaiu that the mechanism of a glacier is containedf within the 
Mnall compass of a mass which may be conveniently examined 

* iPhilonnpliicBl TranBHctionB, 1846, p. 177.] KBUeivtfl January 27.— Eend 
ftliniarj 26, \sm. 

t [MUpriulcd ooii/rnuerf.] 
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in detail in all its parts. It is lodged in a niche of the moun- 
tain called the Schonhoni,* immediately Leliind the Simploti 
hospice : we shall therefore call it the glacier of the Schonhom. 
From its inconsiderable extent, it might easily be overlooked 
by a passing traveller amidst the multitude of vast and striking 
objects by which he is surrounded.f It is perched, as has 
been said, in a kind of niche on the northern face of the Schon- 
horn, somewhere t about an hour's steep climb above the 
hospice ; consequently about 1400 feet higher. The hospice 
is itself 6580 English feet above the level of the sea ; the mean 
height of the Schonhom glacier may be taken at 8000 feet. I 
had not an opportunity of ascertaining it more accurately. 

Plate X. figs. 1 and 2 [of Phil. Trans. 1846],§ shows a sketch 
of a front view of the Schonhom taken from the opposite heights, 
aud a ground-plan of the glacier. The latter is sketched merely 
by the eye, but the scale is furnished by some actual measures. 
I first visited the glacier on the 20th July 1844. It was then 
covered over, by far the greater part of its extent, with snow, as 
shown in the plan. This snow is in great part manifestly perma- 
nent, and the glacier is therefore in the state of n4v4. The general 
slope ie from top to bottom of the plan, and its inclination is 
variable, depending upon the direction of the avalanches by 
which it is fed, of which the principal descends the rapid couloir 
mai'ked C, [where] the inclination is about 35°. This avalanche 
forms a sort of ridge down the glacier, as indicated by the 
shading of the map, leaving a considerable space comparatively 
flat to the eastward. On the west, the snow thins off Irom 
" the ridge until it exposes the ice near the part marked B, where 
the slope is still considerable, being 20°, and here we have the 
real mass of the giaeier exposed, although the ice is not of an 
exceedingly hai'd or crystalline character. The front or lower 

* Also called HubBchom, an equivalent epithet. 

+ Tbe reader will not for a moment imagine tliat it ia the Kaltwasaer glacier at 
■which WB speak, which lies also in the neighbonrhood of the Schiinhorn, deBoending 
from the Monte Leoue and Waflenhom, uid from which the Oalerie du Glacier on 
the Simplon road taltes it nnmo. } [Mispiinted aomeichat.] 

§ fit has not been thoiiglit necessary to reprodnco thsBe Dgiirea.l 
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tflnniuation of the glacier all along presents & steep nearly pre- 
cipitous surface of ice, sloping from 45° to 60°. This ice rests 
on a bed of debris of rock, which appears to he inclined about 
25°. Except near the precipitous t«nmnation of the glacier, 
there are no apparent crevasses. The surface is uniform and 
nnintemipted. Some water issues from beneath the steepest 
part of the ice ; but even in the middle of the day, near the 
end of July, there was exceedingly little. The length, if it may 
be 80 termed, of the glacier, from back to front, is about 1000 
feet, and its greatest breadth 1300 feet. It« surface may be 
roiiglily estimated at twenty-sis acres. 

The rock of which the Schonhom is composed, is an alter- 
nation of the slaty rocks resembling gneiss with talc slate, which 
are 60 common in this part of the Alps. To my great surprise, 
on one of my visits, I heard the sound of hammers and blasting 
in this elevated and remote spot ; and found two men employed 
in quarrying Polstone {Lapis olJaris) for building ovens, from a 
retired nook beyond the glacier ; the quarry is marked on the 
plan at E. 

On the 20th of July 1844, 1 ascended to the glaeier, accom- 
panied by M. Alt, one of the clerical members of the Simplon 
estabhshment, and an assistant ; and I fixed upon a position, 
marked St. on the rock on the east side of the glacier, for 
planting the instrument, which was then directed, as nearly as I 
could judge, in a line transverse to the prevailing slope of the 
glacier, and the telescope was made to describe a vertical plane. 
It was then sighted upon a well-marked quartz vein on the 
rock on the distant side of the glacier, marked D, by which it 
could at any time be brought into precisely the same position ; 
the position of the instrument itself being referred to a mark 
cut on the rock where it stood. Two marks were then fixed 
on the glacier ; one was a pole stuck in at A, several feet into 
the snow of the avalanche already described as traversing the 
length of the glacier. The elope of the snow at the point A 
was about 10° ; and the distance of A from the station St., by 
an approximate measurement, 340 feet. 350 feeV ^wt^ct 
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Bame direction, a Lole was made with a blasting irou into the 
solid ice at B, wLere the inclination was 20°. The precise 
position of these marks being determined relatively to the visual 
line, the observation was finished at 4 o'clock p.m. 

On the 23d of July we returned. The mark A in the snow 
(which was so firmly driven in that it could not be withdrawn 
without breaking the pole) had advanced in the direction of the 
slope exactly four inches at 1 p.m., or in sixty-nine hours; 
whilst the mark B in the ice had advanced 6J inches in the 

ae time ; whence we have 

Velocity of A in twenty-four hours , . 1'4 inch. 
Velocity of B in twenty-four hours . . 1*8 inch. 
The result was what I had anticipated, although it must be con- 
fessed it might be expected to be nearly the same upon any 
theory of glacier motion yet proposed. The slope of a glacier, 

' se, is not an index of what should be the velocity of motion 
on the viscous theory. No doubt, other things being equal, the 
velocity will be proportional to some ftmction of the declivity, 
and such we have seen to be fully borne out by experiments on 
the Mer de Glace of Chamouni ; and in the present case, the 
velocity under a slope of 20° was about one-third greater than 
that under a slope of 10°. But the analogy of a river, as well 
as theoretical considerations, show tiiat the slope is but one of 
numerous considerations ; such as (1.) the mass of the viscous 
body ; the smaller the mass the smaller the velocity on a given 
slope ;* (2.) the state of infiltration or wetness of the glacier 
altering its resistance to change of form-t Without mentioning 
other causes, these are quite sufficient to account for the small 
velocity observed, when we recollect the very insignificant mass 
of this glacier, and its dry state arising from its great elevation, 
its northern exposure, and even the very inclination of its bed, 
which keeps it in a state of perfect drainage, and leaves it 
always in a state tending to the anowy, rather than that of 
imbibition. 



* TriivulH in Iho Alps of Bbvoj, 2d edit,, p. ' 
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§ 7. On the Annual Motion of Glaciers, and on the 
Influence of Seasons. 

The first estimate of the leaat authority on the advance of 
any point of a glai;ier from year to year, was made by Hugi on 
tbe glacier of the Aar, Irom 1827 to 1836. The method em- 
ployed was to measure the distance of a well-marked block of 
stone, restiog on the ice from a transverse line determined by 
the fixed objects on the shore. This is the only way, generally 
speaking, practicable upon glaciers at a distance from habita- 
tions, and where marks cannot be conveniently renewed in the 
ice, from time to time, during the whole year. The velocity of 
the part of the glacier immediately below the premontory, called 
the Abschwung, was found to be about 240 feet per annum, 
whicii, though neither confirmed nor invalidated by the discor-* 
(laiit measurements subsequently made by other observers on 
the same glacier, has at length been substantially corroborated 
by a professional surveyor, M. Wild, who has recently under- 
taken the verification at M. Agasaiz'a request- 
After having myself observed the motion of several points 
of tlie Mer de Glace of Chamouni during the summer of 1S42, 
1 Esed the positions of two conspicuous blocks, one near Mon- 
tanvert, marked D 7 ; and another opposite tbe Tacul, marked 
C, or the Pierre Platte (see my Map of the Mer de Glace), by 
means of which I hoped to ascertain the mean annual motion 
ID succeeding years. With respect to the latter, or the Pierre 
Platte, I was successful ; for in September 1843 I ascertained 
geometrically its change of position, subject, however, to the 
uncertainty of a few yards, owing to the sliding of the block 
'•Dm the pedestal of ice upon which it was so picturesquely I 
poised,* a circumstance which happens once or twice in the j 

B of every summer. 
Il'rom the ITth of September 1842, to the 12th of 

September 1843, the advance was (in 360 days) 256-8 feet, 
tr reduced to tbe exact year of 365 diiyB, . 260-4 feet. 

Mh daily motion, ..... S'.'ifi inches. 

» Sec Fronliipieco l* Travc'ls thinugli the A\pi o( S^io^. 
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[184S. 
repeat the measures in 1844, I 



Again, being enabled to 
found the advance — 

From the 12t]] of September 1843, to the 19Lh of 

August 1844 {343 days), . . . .270 fei 

Proportional motioa for 365 days, . . . 288'3 feet 

Mean daily motion, ..... 9'47 inches.* 

In the caee of the bloci; D 7, 1 was less fortunate. It was 
very near the western side of the glacier, and though not thrown 
up on the shore, yet the ice on which it rested got in 8ome 
manner so embayed or entangled, that though its motion had 
been steadily watched during the winter of 1842-43 by my able 
assistant, Auguste Balmat, it had scarcely moved since his 
last observation on the 8th of June 1843, when I visited it in 
September of the same year. It must be presumed that it had 
been much retarded previously, and hence it is clearly inadmis- 
sible to infer a proportional motion for the portion of the year 
when it had not been observed, as I did in the Postscript at 
the end of the first edition of my Travels, whilst in ignorance 
of the then unsuspected retardation. The motion actually 
observed was 432 feet in 322 days, being at the rate of 483 
feet per annum, or 15'88 inches per day. This is, therefore, 
undoubtedly behw the, true measure of the annua] motion of the 
side-part of the glacier somewhat in advance of the Chalet of Mon- 
tanvert (see the position of D 7 in the Map). It may at least be 
of some service as an inferior limit of the annual motion there. 
In 1843 I fixed approximately the position of a block marked 
P, higher up the glacier than the Montanvert, and near its lefl 
bank, exactly opposite the spot called Les Fonts. The obser- 
vation, being repeated the ensuing year, gave a motion of cAout 
486 feet (the nature of the observation did not admit of the 
same accuracy as at station C) from the 13th of September 1843 
to the 9th of August 1844, or 331 days, being at the rate 
536 feet per annum, 
or 17'62 inches per day. 

• [The like annual molion for the inlarval 1844-46 was 323-8 feel, or JO'65 
dftilj inohesj and for tha inlerval 1846-50, S28-8 feet, or 10*81 inchea daily. See 
i 13tb and JBtb Lettara bolow.]^ 
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In 1844 I made the casual discovery of one of my staves, 
nsd to mark the position of the station A at the Angle, a little 
biglier up the glacier than the last, a point of which the motion 
had been most carefully observed during the summer of 1842 
(see Travels, p. 140). This stick still bore legibly written upon 
it the date when it had been fixed in the ice at station A, and 
88 the painted marks on the rock of the Angle were still as fi-esh 
us when they were made, I had no difficulty in finding the exact 
position on the glacier which this mark liad in any part of 
the summer of 1842, and by measuring the distance to the place 
where it was foimd {which was on a spot of the ice quite mifre- 
ijuented by guides or any one else), I had good reason for 
believing that this must be the space over which it had travelled 
in the mean time ; although of course I do not ascribe to this 
observation the weight of a direct measure, yet it proves an 
interesting confirmation. Reckoning from the position it occu- 
pied ou the 1st of September 1842, it had advanced, down to the 
2ethof August 1844, or in 720 days . . 952 feet, 
or, per annum , , . 482'5 feet. 
Mean daily motion . 15*87 inches. 

It will be seen that this result is in close agreement with 
tlist observed at station P above mentioned, which is a little 
further down the glacier, but about the same distance from the 
Bide i for though the motion of P is somewhat greater for 1843- 
44 than the mean motion of A for 1842-44, it will he seen by 
the comparative observations at C already referred to, that the 
glacier moved more rapidly in 1843-44 than in 1842-43. 

But I am now enabled to present a view of the actual 
progress of two glaciers during every part of the year from 
direct observation. For these I am indebted to the intelligent 
and persevering zeal of my excellent guide and assistant at 
Chamouni, Auguste Balmat, of whose character I have had the 
pleasure of forming a more and more favom^able estimate the 
longer 1 have been acquainted with him. To the long training | 
t& Haa laborious summer of 1842, when he aaeiatfid me, U« «ddft J 
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tliu fiirthei" experience derived from my visits in 1843 and 1844, 
in the latter of whicli especially lie became familiar with the 
nice precautions requisite in conducting the most accurate mea- 
earements, and received instructions from me which rendered 
him perfectly competent to continue by himself the simpler kind 
of measureraents which I have alone required of him. The 
extraordinary exertions which he used to obtain the winter motion 
of the block D 7, under the Montanvert, in 1842-3, have been 
noticed in my former publications. On one or two occasions, 
as 1 learned afterwards from himself, being unable to ascend the 
usual path to the Montanvert for fear of spring avalanches, he 
actually clambered with a companion up the rugged ascent from 
the source of the Arveiron, plunging continually up to the 
middle iii snow, for no other purpose than to make the obser- 
vation which I had requested of him ; and it would be unjust 
not to mention at the same time the admirable, because rare, 
generosity, with which ho positively refused for himself any 
share of the remuneration which I pressed upon liim the fol- 
lowing summer, as some recompense for the fatigues and 
dangers which he had braved to obtain for me this information. 
With such a person, my confidence in the observations which 
he has since made at points much more accessible, and with 
the experience of some additional years, is complete. I do not 
mean that mistakes may not occur, or even that the measures 
may not be less exact than I might have taken myself ; but 
from my knowledge of the man, I am nearly as confident in 
their being faithfully reported, exactly as ihey were made, as if 
I had done so myself. 

With a view to lighten the labour as much as possible, 1 
selected two stations on the Olacier of Bossons, and desired 
Bahnat to select two on the Glacier des Bois (the outlet of the 
Mer de Glace towards the valley of Chamouni) ; all these points 
being tolerably accessible at every season of the year. 

The general method of observation was the following : — 
vertical holes were driven into the ice with a 4-foot blasting 
'iron, at the points whose motion was to be determined ; and 
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these holes were renewed from time to time as the surface of 
tile ice wasted. A staff of wood, 5J feet long, was stuck in 
each, which projected sufficiently above the snow (which never 
appeats to have exceeded 2^ feet deep on the glacier) to make 
it TJsiHe at all seasons. During winter the staves were frozen 
iiitu the ice, and the waste being small, the holes did not re- 
qnire renewal. Two marks are then made of a permanent 
Hnd on the rocks of the moraine, or two staves driven in, or a 
distant object on the farther side of the glacier was observed, so 
as to mark out sufficiently a line transverse to the glacier, the 
prolongation cf which passes over the hole in the ice when first 
made ; and the advance of the hole in the ice beyond this fixed 
Tiaiial line marks the progress of the glacier. The want of a 
theodolite is supplied by directing the eye past a plumb-line 
Bnapended over the fixed mark on the moraine nearest to the 
flacler, the eye of the observer being over the farthest mark. 
^ the spaces moved over were in most cases considerable, an 
error of a few inches, or even a foot, is not important to the 
teBiilt. The progress was in every case determined by means 
of a Hue marked with English feet and inches, left by me at 
Chamouni on purpose. 

The residts were communicated to me regularly by letter at 
intervals of a few weeks during the whole year, and all questions 
asked and explanations required by me were answered by return 
of post. 

Those who may look with suspicion upon observations made 
in a remote place by a peasant of the better class, though they 
may not partake of my security in the results from knowing the 
character of the individual, will, I believe, have their doubts 
removed by the internal evidence of this important series of 
observations, which even a philosopher could not have in- 
vented, and which, it will bo seen, are confirmed by data of 
quite another kind, over which the observer could have no 
mtrol, I mean the Meteorological Registers of Geneva and 

LBemard. 

^ni£ Sallowing Table contains, in a condensed (orui., U^a 
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results deduced from Balmat'e observations at the four follow- 
ing stations : — * 

Bois I. On the Glacier dea Boia a little, way below the 
Chapeau, at about one-third of the breadth of the glacier from 
its eastern bank. 

Eoia II. On the Glacier des Bois near its lowest extremity, 
behind the Cote du Piget, and near its centi'e. 

B08SONS I. Upper station on the Glacier des Bossons, some 
way above the plateau where the glacier is usually crossed ; on 
the weat aide, near the moraine, 

B0S8ONS II. Near the lowest extremity on the Glacier of 
Bossons, where free from the moraine, on the western side. 





Uean IkH; Motion ia Engliili 


l,.cl,« 


iKTBBViLS or OBsasviHOB. 










B.^ 


Boil, 


I^SMBS. 


BoHonn 




Mo. L 


N0.H. 




No, 11. 


1844. Oct. 2 to Oct. 1* 


320 






14 


'Oct. 14 to Not. a 


27-8 






170 


Nuv. 2 tfl Not. 19 


24-3 








Nov. 20 to Dec. 4 


11-8 




17-3 


131 


Den. 4 to Jan. 7 . 


11-5 


"i% 


16'9 


130 


1845. Jan.7 toFeb. 18 


140 


2'6 


13-6 


120 


Feb. 18 to Mar. 18 


170 


30 


1B4 


12-8 


Mar. 18 to April 17 
AprilntoMaylT . 


t6'9 


4'6 


129 


10-2 


22-6 


7-3 


23-3 


19'4 


May 17 to Maj 31 


37 


8-8 


42 9 


302 


Maj31 to Jnneig . 


38'4 


8-3 


341 


27-8 


June 19 to July 4 


42-3 


111 


42-1 




July 4 to July 18 


52'1 


14-6 


30'6 


26'4 


July 18 to Aug. 6 


49-0 


11-9 




21-4 


Aug 6 to Oct. 6 . 


3B7 


9'9 


20-6 


16 5 


Oct 6 to Nov. 8 . 


36-4 


9-8 


19-4 


5'9 


Not. 8 to Not. 21 


30'1 


7-5 


22-6 


Tt 



These four sets of observations are projected ui Plate IV., 
where the four lower zignag curves represent the gradation 
of diurnal velocity by periods, according to the method adopted 
in projecting my own observations in my Travels, p. 141. 
The general accordance is sufficiently manifest, and the 

* [This ta1)1e U abridged froia tbose in the Philosophical TraueactionB for IS46> 

pp. 183 and 184, wbere the days and huurs of e^h obBervation are more ftccnratelr 

total motioas. The daya of obBerration are, in general, the buds 

J^r all the atations, bat not precisely so in a. few instances.] 




[6.] 



MOTION OF GLACIERS AT DIFFERENT SEASONS. 



129 



3ct of the season of the year is beautifully shown, the foUow- 
^ being the minimum and maximum values :— 



Glacier des Bois, No. I., miDimum in December 
Glacier des Bois, No. I., maximum in July . 

Ratio of maximum to minimum 

Glacier des Bois, No. II., minimum in January 
Glacier des Bois, No. II., maximum in July 

Ratio of maximum to minimum 

Glacier des Bossons, No. I., minimum in March 
Glacier des Bossons, No. I., maximum in May 

Ratio of maximum to minimum 

Glacier des Bossons, No. II., minimum in March 
Glacier des Bossons, No. II., maximum in June 

Ratio of maximum to minimum 



Daily motioii in inehe*. 

11-5 
52-1 



4^:1 

2-6 
14-6 



5^:1 

12-9 
42-9 

10.2 
32-3 

3i:l 



From these observations we may deduce the annual motion 
om November 1844 to November 1845, with considerable ex- 
-tness. Allowing for the fractional parts of a year, we obtain 
^e following results, amongst which I have included a separate 
imputation of the mean daily motion for the summer period 
April — October), and the winter period (October — April) : — 





Bois, 


Bois, 


Bossons, 


1 

Bossons, 




No. I. 


No. 11. 


Ko.I. 


No. II. 




feet. 


feet. 


feet 


feet. 


Motion for 365 days, November 1844 to 










November 1845, .... 


847-5 


220-8 


657-8 


4891 




inches. 


inches. 


inches. 


inches. 


Mean daily motion, 


27-8 


7-3 


21-6 


16-1 


Mean daily motion, summer period, 










April to October, 


37-7 


9-9 


280 


22-2 


Mean daily motion, winter period, Octo- 










ber to April, .... 


191 


4-7 


15-8 


10-7 


Batio, summer: winter, motion, 


2-0:1 


21:1 


1-8:1 


21:1 



L From this Table we deduce, in the first place, a mean 

.nnual motion far greater than has hitherto been observed, or 

)erhaps suspected in any glacier, that of near 300 yards, or 

K 
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almoBt one-sixth of a mile. Tliis ia on the Glacier des Boie be- 
neath the Chapeau, where the uiclination of the glacier is very 
steep, adding a new illuatvation of the general principle,* that in 
Similar circnmstances the velocity increases with the slope. 
To thia cause may be added the high temperature of the air of 
the valley to which, in thia part of its courBe, it is exposed ; 
but this last cause is alone insufficient ; for 

II. We find that the lowest part of the same glacier im- 
mediately behind the Cote dn Piget, a little way above the 
source of the Arveiron, and therefore still deeper in the valley, 
has a -mean velocity nearly _^Mr times less, arising solely from 
the diminished slope and vobime of the glacier in that parLt 
Hence there must be a condensation of the ice here, a pressure 
h tergo, the quicker moving ice pressing against the slower, con- 
solidating it, remoulding its plastic material, and sealing the 
crevasses ; and a slight examination of the state of the glacier 
at the points in question will show this to be the c^ase. 

III. All that has now been said with respect to the two 
stations on the Glacier des Bois, may be repeated with only 
numerical differences with respect to the two stations on the 
Glacier des Boesons ; the one set of observations confirming 
the other. 

IV. In both glaciers the summer motion exceeds the winter 
motion in a greater proportion, as the station is lower, that is, 
exposed to more violent alternations of heat and cold ; this we 
shaU find to be general. 

Before continuing our deductions, we would call attention 
to the close relation which may be established between the 
mean temperature of any portion of the year, and the velocity 
of the glacier corresponding to it. This is done ia Plate 
IV., exactly in the same way as I did when comparing my 
« TniTClB, adedit., p. 371. 
t ThiB expIaiDB a circumetance wMch bas always Utlierto been a. difficult; to 
ma; the united tcatimonj of the beHt-infomipd inhabitants, not onlystChiunoambot 
elsQwhere (as at Zormatt and at the Simplon). to the effect tbat during winter the 
lowest end of a glacier, which terminal's in a valley, doas not greallj |)rolrude, nor 
force the enow before it. This arises in fact from the coiDparative Bmnllncra of tbe 
latOkai whiali the tongue of suub a glacier appears to posseai, eipeaiall; ii 
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ulfflemtioDB ill the Bummer of 1842 witli the corresponding 
fhangCB of temperature.* That is to say, I have projected by 
periodti [corresponding to the intervals of obBervation on the 
glaciers) the mean temperatures as observed at Geneva, and at 
the Great St, Bernard, which are regularly ]iiibli8hed in the 
Bibltothfque Unwerselle, the average of which (separately de- 
duced from the mean of daily maxima and minima, and projected 
in tie upper part of the figure) may represent not inaptly 
the arerage temperature to which the glaciers in question, and 
eBpecially the middle and lower regions of them, are exposed ; 
aod further, this average posacsses the advantage of being de- 
rived from data, wholly unconnected with the place or parties 
where and by whom the observations on the motion of the 
Sfeiers were made, and therefore are free from the remotest 
8"8picion of either in any degree influencing the other. 

•^ean Temperatures (by periods) on the Centigrade Scale, 
observed at Geneva and the Great St. Bernard.f 



1 







Mfai,sofM.«.«ndMlo, 




C.n.v«, 


91. BemMd. 


1844. Ocl. 2 to Oct. 14 
Oct. 14 to Nov. 2 
Nov. 2 to Nov. 19 . 
Nov. 19 to Deo, 4 
Dec. 4 to Jan. 7 

1945, Jan. 7 to Fob. 18 
Feb. 18 to March 18 
March 18 to April 17 
April 17 to May 17 
M^j 17 to May 31 . 
MaySl to Juno 19 . 
Jane 19 to July 4 . 
July 4 Jo July 18 
Jalyl8toAug.fi . 
Aug. 6 to Oct. a 
Oct. 8 to Not. 8 
Nov. 8 to Not. 21 . 




Ci'nt. 

12'97 
8-45 
7-47 
2-37 

— 037 

— 1-33 
101 
6-43 

10-80 
U'BT 
18-20 
17'35 
18-43 
18-24 
16-23 
7-81 
920 


Tag 

— 1-66 

— 3 02 

— 8-18 

— 8-33 
—10-39 

— 8-34 

— 4-97 
-0-60 

0-63 
629 
517 
614 
6-46 
3-83 

— 0-60 

— 3-64 



tA general comparison of the curves of temperature and those 
'-'himU, p. 141. t [Abridged fmta the ongma,Vt«,UeK?^ 
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of glacier motion (more particularly on the Glacier dea Bois) 
affords a proof of the juatness of the principle laid down by ma 
in 1842, that the motion of the ice "is more rapid in summet 
than in winter, in hot than in cold weather, and cppeciallj more 
rapid after rain, and less rapid in sudden frosts ; "* the evidence 
of the connection ia plainer by mere inspection than any detail 
could make it. But I request attention to the apparent anomalies 
of tlie curves, aa affording a stronger evidence of the fidelity \\ itb 
which the measurements have been made, and to the trutli of tlie 
plastic theory, than perhaps even the genera! coincidence just 
referred to. 

If the velocity of the glacier depend upon the com] 
of its infiltration with water, rendering the whole an imbibed 
porous mass like a sponge, it cannot depend solely on the 
temperature of any period, but also upon the wetness of the sui^ 
face, whether derived from mild rain, from thawing snow, 
from any other meteorological accident which the register 
^^ the thermometer cannot of itself indicate.! Further, a thick coat- 

^H ing of snow on the glacier must defend it from the excesBive 
^^M cold of winter just as it defends the earth and plants, and con- 
^^M Bequentiy the minimum of motion will not necessarily coincide 
^^M with the minimum of temperature. Now, to estimate tliese more 
^^1 irregular causes is not so easy ; but some hght is thrown upon 
^^B them by a register of the weather and state of the snow, volun- 
^^M tarily kept for me at Chamouni by Auguete Balmat; which 
^^M forms a valuable supplement to the thermometrical register of 
^H Geneva and St. Bernard. Although the daily details would 
^H t^e up too much space, I will endeavour to give a faitMol 
^H abstract of them eo far as to give a general idea of the clunate 
^H of Chamouni from October 1844 to November 1845. This 
^H diary includes (at my request) occasional notes on the state of 
^H the source of the Arveiron, which are of considerable interest. 

I 



Fcmrtli Letter on GlacierB, Eiiiiiburgh Philoaophica! Joumul, Jan. 1843 ; unil 
p. 35 of tliis Tolume. 

The proporliort, of volocitj doeBnot follow theproportioiof heat, bBOanseanj 
racli BB tha tnelting of a coattag of enow bj a Euilden thaw, as in tlis end of 
September 1S42, produces tbo same eSeut as a great beat would do." — Trawii, 
a edit. p. 873. I 
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• Weather at Chamouni. 

' 1844. October. — A good denl of rain during the month, 
ich, on the 10th and 16th, fell as Know on the hills {uuie 
inches at Montanvert), and eubsequently to the latter day the 
glacier at the Montanvert was not clear of snow during the 
winter. 14th. Source of the Arveiron diminiehed to onc-Jburlh 
(of the summer volume.) Ice-vault more than hail' closed. 

November. — Till 14th much rain and snow ; fine with frost 
after. 20th. Source of the Arveiron very low ; has not shifted 
its uaual position. 

December. — Weather generally fine throughout; cold most 
severe from 7th to 12th. 

1845. January. — The weather continued splendid till the 
20th ; greatest cold from — 2° to — 5° Reaumiu'. 19th. The 
vault has disappeared at the source of the Arveiron. 20th. 
The first snow fell which lay at Chamouni, and continued from 
this day, attaining a depth of 1^ foot in Fehruary. Up to this 
time all the secondary heights, even the Breven and Flegere, 
were clear of snow, and the weather suitable for chamois hunt- 
ing. Occasional snow till the end of the month. 

Fthruary. — Snow at intervals all the month. 13th. 
Greatest cold of the season ; thermometer — 15° lleaum. fol- 
lowed by fine weather, 20th. Snow lies 2i feet deep at the 
upper stations on the glaciers ; \\ foot at Chamouni. The arch 
of the somce of the Arveiron has wholly disappeared, but the 
water issues at the usual places as in summer. The water is 
reduced to a small amount and may easily be stepped acrosB. 
It is slill whitish and dirty, though less so than in summer ; 
except when a change of weather is threatened (when it is oa 
dirty as in summer.)* Same date. The glacier of Bos 
extended itself much. " On ne s'y reconnait presque plus." It 
is advancing towards the moraine of 1818 ; and the lower end 
is at least seventy feet high. 

* This iiuportani remark pruvea that in the middle nf winter a temporary 
rise of lemporatura of the air uvtr the higher glacier regioHH (nhich is the precursor 
nf bad weather) not only prodoceB a tiiaw there, but finds the usual chanuelfl utill 
open for transmitting the accumalal«ct anow water. 
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March lat — 3rd, mild, with rain; 3rd — 13th, cold; 15ift, 
heavy rain. Alternate rain and fine till end of the month. 
27th. Not half a foot of snow lying at Chamooni. The source 
of the Arveiron has not opened a vault. The quantity and 
muddinesa of the water the same as at tlie last report. 

April. — First week fine ; second week cold with snow ; 
changeahle to the end of the month. 16th. Source of Arveiron 
has not much increased in water since the middle of March. 
In the end of April the snow first disappeared from the lower 
part of both glaciers. 

3/ay.— The first half of tlie month fine, with occasional 
snow; the second half changeable, with rain. 17th, The 
source of the Arveiron has increased three-fourths {meatts pro- 
bably in the ratio of four to one) since the middle of April, and 
is dirty. The ice-vault is not yet formed. 26th. The Glacier 
des Bossoas advances rapidly, and is crumbling into pyramids. 
The end of the glacier is at least eighty-five feet high, and 
advances considerably, particularly during the month of May ; 
and mdens greatly. 

June. — A changeable and wet month ; a very late season.* 
The snow did not entirely disappear from the Mer de Glace 
opposite the Montanvert till the beginning of July. 6th, 7th. 
The vault opened at the source of the Arveiron. The quantity 
of water since the end of May is the usual summer supply. 

July. — Commenced with warm weather. 5tb. Thermo- 
meter 27° Reaum. The snow has disappeared from the ice 
opposite Montanvert, but some pat^:hes remain on the way to 
the Jardin. The Mer de Glace is muc'h higher in level (about 
forty feet) than in former years, and the marks made in [the 
rock at the AtiqU (in 1842) are all covered. The crevasses 
much the same as usual. The glacier of Boasons has also in- 
creased greatly, and appears to be approaching its old moraines. 
The register for the greater part of July has not come to hand. 

August. — A very changeable rainy month. 8th or 9th. 

* It nill be eeen from the tompeTatnre 
■iilemlilf in llie latter part of June, both al C 
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The arch at the source of the Arveiron fell iiij and did not tbnn j 

again during the season, 

September, — Also a i^hangealile montli. Rain twelve Jays. I 
October. — A very fiae montli. No rain mentioned after I 

the 7th. 

A careful examination of this interesting register will ex- 
plain aeveral of the apparently irregular iuflections of the curvesl 
of glacier motion. Thus (to continue our general remarks, p. | 
130) vfe find, 

V. At the upper station on the Glacier des Bois the leaat I 
velocity occiUTed in Decemher, whilst at the lower station (and I 
at both of thosu on the Bossons) a loinimnm, coiuciding also J 
with that of the temperature of the airj took place in January, [ 
This coincides with the important fact noted in the preceding I 
register, that the upper part of the Mer de Glace was covered I 
with snow from the IGtli of October, which only lay in the valley I 
of Chamooni from tlio 20th of January ; the snow screenuig I 
the ice from the extremity of the cold. 

VI, The comparative march of the two glmiiera bears a ■ 
remarkable relation to their positions and form. In the Bossons I 
we detect at once the sudden transitions and seemingly capri- 1 
cious changes of a torrent ; in the Mer de Glace we have the I 
stately and regulated flow of a river, in which the slightera 
variations are absorbed by the predominant inertia of a com- 1 
paratively stable mass. Now tho glacier of Bossons is, as every I 
one who has seen it knows, a mere icy torrent, " a frozen catar , 
ract," which descends in a continuous mass from the level of 
the Grand Plateau of Mont Blanc to that of the Valley of 
Chamouni with very little impediment, with no confining bul- 
warks of rock, no contracting straits ; and throughout this I 
great verti(;al height of at least 9000 feet, the angle of descent I 
18 very steep indeed for so vast a mass. On the other hand, I 
though the pait of the Mer de Glace, called the Glacier d 
Bois under tho Chapeau, is very steep, its " r^ivie " is regulated 1 
by the supply derived from tho reservoir glacier above, and, 
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precisely as iu rivers of great magnitude and length of coursu, 
and of moderate declivity, it yields sluggislily to impulsive or 
retarding forces which are checked and opposed by the multi- 
tude of sinuosities, the embaying of the ice in rock-bound 
espansioQs of the channel, the struggle of its passage through 
defiles, and the enormous friction of its lower Burface. Yet, 
lest we might attribute the irregularities of the torrential glacier 
to causes quite local and uncertaui, we find them reflected more 
or less distinctly in the movements of the neighbouring one. 
Thus the anomalous retai"dation in the end of March and be- 
ginning of April appears in three stations out of lour, as does 
that in the firat half of June, showing clearly that it is not an 
error of observation. It appears that the thaw of the winter's 
anow during the month of May, satiu'ating the poi-es of the 
glacier with water, produced (as we know tbat a thaw always 
does) a suddeu and violent march, especially of the more sus- 
ceptible or torreutial glacier. So completely had this sudden 
move forced on the glacier of Bosaons, encumbered by the spring 
avalanches, and loaded with all the fragments and snow maasea 
which had remained temporarily suspended during the winter 
months, that the lower part of the glacier (as we read iu the 
memoranda to the register) advanced and widened gi'eatly, to 
an extent which it had not done for many years past, and 
Boemed to change its whole character ; and in February a 
similar temporary increase of volume had taken place ; " on ue 
s'y recoanait presque plus," writes Balmat ; thus accounting 
for the particular accession of speed which appears in that 
month. In both cases, after the rapid march iu February and 
in May, a reaction takes place ; the material is deficient, the 
exceHsive pressm'e has been removed by the previous overflow, 
and a lull occurs iu March and in Juue. 

VIT. These irregularities, such as they are, even should we 
fail in entirely explaining them, are at least not to be attributed 
entirely to errors of observation, since different observations 
(which, it is to be recollected, were sent to England in so rough 
a state that they required to be reduced and computed before 
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the Tariations of velocity could be deduced from them) agree 
amongst one another, and agree with the phenomena caeiiaUy 
noted in the Meteorological Register. They are very trifling 
in Ihe movement of the Glacier des Bois, which presents a curve 
of remarkable regularity, giving a minimum about the end of 
December, and a maximum in July. The coincidence with the 
cmve of temperature is greater throughout than we could have 
eipected, considering the important difference of circumBtaucea 
wtiich occur in autumn and in spring, when the thermometer 
Btands nearly alike ; the first chill of autumn depriving the 
glacier of its fluid pressure more effectually than the severer 
wild of winter which is tempered by its snowy covermg, whilst 
in Bpring the first relaxation of the bands of frost saturates the 
icymaaa with the impetuous streams of melted snow, as eSectu- 
"lly as the intensest heat of summer. In fact, the velocity 
'fould probably be greatest in spring, were it not that then the 
ICO lias attained its greatest consolidation by the slow but con- 
tanned effect of the winter's cold penetrating its upper layers, 
tliongli after all probably to no very great depth. But this is un- 
doubtedly the reason why the minimum, and maximum approach 
so near to one another in point of -time in the torrential glacier 
of BoasonB, and it receives an important illustration from the 
^dependent fact of the observed condition of the source of the 
■'"Vebon, which (see the Meteorological Register), though very 
Einili in February, was still whitish and dirty before a change 
•'i Weather, showing that the bands of frost were not so strong 
*s to prevent a temporary relaxation of thaw throughout the_ 
Diass of the glacier even in winter ; and although the mean 
temperature of the air had been rising ever since the middle of 
January, and the greatest cold had occurred early in February, 
»e find that at the end of March the soiu'ce of the Arveiron was 
Btill as small as in February, and that owing to the coldness of 
the spring, it bad not even increased very much till the middle of 
April, when it almost suddenly resumed its summer volume. 
Now diu-ing all this time the velocities of the glaciers underwent 
but little change, — some oscillations backwards and forwards, — 
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but took no real start uDtil the frost had given way, and the 
tumultuous course of the ArveiroE showed that its veins were 
again filled with jhe circulating medium to which the glacier, 
like the organic frame, owes ite moving energy. 

VIII. Being curious to Bee how far a relation might be 
established between the temperature of the ah- and the motion 
of the glacier, independent of the irregularly acting causes 
above adverted to, I projected, in Plate V., the motions of the 
several points of the glaciers in terms of the temperature of the 
air for the periods already mentioned.* It is to be recoOected, 
however, that the observations of the thermometer were not 
made on the spot, and, indeed, it would have been difficult to 
have fixed upon a spot which should represent the mean cir- 
cumstances of the whole glacier. Perhaps, therefore, the 
average of the observations at Geneva and St. Bernard (the 
mean of whose elevations is 4750 English feet above the sea, 
and therefore between that of Montanvert and Chamoimi) may 
represent pretty fairly the climateric conditions of the inferior 
parts of the Glaciers des Boie and Bossona, No*, if we eximiine 
the cun'es of Plate V., we are struck with their almost perfect 
fiatneaa until zero of the centigrad-e scale of Umperature is reached; 
but, the thawing point of ice past, the velocity manifestly goes on 
increasing with the temperature, in a ratio which would appear 
to be tolerably uniform if we neglect the irregular inflections of 
the curves- 
is. I am unwilling to multiply deductions which every 
intelligent reader will draw for himself; but one more I must 
add. It very clearly appears that the variations of velocity due 
to season are greatest where the variations of temperature of 
the air are greatest, as in the lower valleys ; but it also appears 
from Remark VIII., that variations of temperature below 0"* 
centigrade, or 32° Fahrenheit, produce almost inappreciable 
changes in the rate of motion of the ice. Hence, from this 
circumstance alone, we should deduce that in the higher parts 
* [This diagram faas been rendered a Bomewbat more complete and scenrnte 
L lepresenlatkin of the numbers given in pages 128 Mid 131, tlum (he uriginal flgnre 
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^f the glacier (where, for example, it freezes almost everj night 
*il summer) the variations of velocity should be least, aiid, indeed, 
cotQparatively small at different seasons. This is well illustrated 
oj comparing the summer motions of the stations [on the Mer 
ue Glace] D, A, and C, mentioned in the first part of this section 
[pagx: 123], with their annual motion, which exhibit a much slighter 
WcesB in favour of the summer period than in the lower b 
wMch we are now discussing. The same thing v 
^y M. Agaesiz's surveyors on the glacier of the Aar, who at 
^ret saw, in this not very great inequahty, an objection to iny 
•^eory. On a more searching investigation, however, the objec- 
tion disappears, as in their later writings they have acknowledged. 
Their position of observation far up on the glacier of the Aar, 
^ a spot having a mean temperature near the fi-eezing point, 
i^f not lower, had a summer daily motion of 7'99 inches, and a 
^ean daily motion during the whole year of 6'41 inches.* Now, 
^t station C, or the Pierre Platte, on the Mer de Glace, the 
^ean motion for July 1842 was 10 mchee, and for the whole 
'■ear, 1842-43, it was 8-56 mches. It is quite evident that the 
^lotion of any point in the midst of a glacier is conti'olled by 
■hat of those which precede and follow it, and that it does not 
'^ccBsarily result, either that all must at once suffer a similar 
'icrease or diminution of speed, or that the times of maxima 
^^ minima, or even the general form of the annual curve, shall 
'^ the same-t This leads to an important practical result which 
^® shall follow out in the next section. 
* Comptes Rendus, Dec. 9, 1844. 

1" [Thesa consiilaratianH will go far to explain anj Beeming irregularitiea in the 

***lta, not onlj of thesn labnlar motiona, but of tlioBe more recent obacrvationa 

!'''1<;I) wiU be cited in n later part of this volume [Siileonth Letter on GlacietuJ. 

'^*^ the glaciers on wbicb continnoua mansareB have lieen taken b annuner and 

"filter preaont an enonnona vnrietj in elevation and declivity at different parta of 

™**lr ooulBe, Tins points of obaervatlon to wliich tho tables of page 128 refer, aro 

"'^'^o thonaaDd feet below tbo level of the greatoat portion of either glacier to which 

"••y belong. The wanntb of spring, and tho consequent gorpng of the glacier with 

**t*r (leKfpd from thawing snow, oecars, in the localiliea obaerved, weeVa, or even 

'i^oiitlui, before the same csnaea arc in iall action on the general course of the glacier. 

Qenoc a local aeceleration of the pointa of obaorvation, followed later by nn accelera- 

™H> ivt to the iuarejiBod supply from tbe midille and higher regions. Tho result 

"'tf be either a double maximum of vclocitj (nhich ocr.ara in some instances), o 
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§ 8. Summary of tue Evidence adduced in favour of the 
Plastic or Viscous Theory of Glacier Motion. 

It is often difficult to obtain a calm and full hearing for 
any new theory or experimental investigation ; not because 
there is any antipathy to novelty, or that experiment is under- 
valued, but simply because, in an age of bustle and struggle for 
pre-eminence, each man is so busy with his own reputation, or 
the means of increasing it, that he has no leisure to attend to 
the claims of others ; to which may, perhaps, be added, that in 
the general diffusion of knowledge and acquirement, each reader, 
finding something in every course of experiment or reasoning 
which he knew, or thints he knew before, is apt to run otf with 
the chain of ideas which that one familiar link suggests, and 
losing patience to follow an argument of which he thinks he 
can, by his oivn penetration, anticipate the close, he sits in 
judgment on errors which are of his own invention, and confronts 
the author with arguments and opinions already thrice refuted 
and rejected by himself. In an age when all men would be 
teachers, and all write for the press, tbe lot of an attentive 
reader falls to few. 

I am far from saying that I have been more than usually 
unfortunate in this respect. But having, like others, seen my 
opinions disfigured for want of sufficient attention to apprehend 
them, or the arguments by which they are supported ; ignor- 
ance of first principles hinted at, and even errors of observation 
imputed, where it was convenient that such ignorance and such 
errors should be presumed ; I claim the privilege of stating 
alresh, though very briefly, the leading opinions which I do 
hold, and some arguments for them, which, if not altogether 
new, may be placed in a new light. 

Buperpoeition of tha velnoitiee due to local and to general caneea, which t«oda (o 
fLflplfice tie aenBons of maximum and minimum motion, and thus to render tlie con- 
nection "f velocity witt tempornture leas direct and immediate than it would other- 
wise he. Thn middle region of & glacier haling a moderate and tolerabi; nniform 
decliTity is therofom moat proper for studying Iha effects of temperature. Nov. 
1858.] 
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M; chief analogies for the illustration of glacier motion ^^H 
ve been drawn from the motion of a riverj and by that ^^^ 



nparison it in a great measure stands or falls. Shght 
[lartial as is our knowledge of the mechanics of imperfect 
fluids, the explanation which I have given is founded upon that 
knowledge, and it appears to me to be sufSciently precise to 
■^varrant the inference of an identity of the mechaniBm in the two 
cases ; namely, that the movement ia due to the internal pres- 
eures, arising from the weight of the mass, communicated partly 
or principally in the manner of hydrostatic pressure through- 
out a body whose parts are capable of moving or being shoved 
over one another {by that exertion of force which Dr. Thomaa 
"Young calls Detrusive Force"", which overcomes what is com- 
xnonly called the Friction of Fluids), so that the velocities vary 
irom point to point of tbe movmg body, being most rapid near 
the surface and centre, and least so near the banks and bottom. 
So viscous fluids move, so bodies (even biittle solids, such 
^8 hard-boiled pitch) possessing the ordinary properties of 
sclid bodies often do, if sufficient time and sufficient force be 
allowed ; t the efficiency of time being chiefly this, that a 
pressure insufficient to produce instant detrusion, will, sooner 
Of later, cause the particles to slide insensibly past one another, 
and to form new attackinents, bo that the change of figure may 
oe produced without positive rupture, which would reduce the 
^o'id to a heap of fragments. This change may either take 
place without any loss of homogeneity, or by numerous partial 
^ld minute rents not everywhere communicating, and therefore 
*iot necessarily destructive of cohesion, which may be termed a 

A glacier is not a mass of fragments. — As the analogy of 
*^QG glacier to a river in which the fluid principle is greatly in 
**efect, and tbe cohermg or viscous prmciple is greatly in 
^^cesR, is tbe theory which I maintain, it is evident that the 
**^a.logy of a stream of sand, or loose materials shot from a 

» Lectures, I, 136. 

"t" Sm S'obnor Qocdoa'B Eiperimfiit, Philonapbical Uagasiue, Macck \&f£i. 
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cart, or any other comparison witli an aggregate of incoherenl 
fragments or individual masses, must be wrong if mine be 
right. And I feel confident, not only that such an incoherent 
soBse could not move after the manner of a glacier, but also 
I that attentive inspection of a glacier at once contradicts such 
an idea. 

On the/r«( point, I maintain that a rugged channel, like 
that of a glacier, with a moderate slope, being packed with 
angular solid fragments, would speedily be choked, and that 
farther pressure from behind (for such a maes can only convey 
thrusts, not strains) would tend to wedge the fragments more 
tightly. Some grains of dry sand will slide easily down a 
plate of glass; but try to thrust it forcibly through a narrowing 
tube, or even a uniform one, the lower end of which rests on a 
surface over which the sand has poured, and your effort is vain, 
the tube will sooner burst ; and even rocks may be blasted 
rather than the power of the wedge yield.* If the figure of 
the bed or channel be in any degree irregular, that is, have 
expansions and coHtra<^tions, liowever smooth its suiface, how- 
ever small the sliding angle of ice upon that surface, the 
choking of a strait or contraction by the piling of the fi'agments 
will be as complete and effectual as if the lateral friction were 
excessive. Now in point of fact we have such cases as this ; — 
a glacier 2000 yards wide {the Mer de Glace at the Tacul) 
issues by an orifice or strait 900 yards wide ;— the glacier of 
Talefrc, a nearly oval basin, pours out its annual overcharge by 
an orifice the breadth of which is but one-third of its lesser, 
one-sixth of its greater diameter.f On the supposition of 
jostling fragments, the facility of motion is increased, as the 
comminution is gi-eater, Thti impossibility of the discharge of 
a fragmentary solid through a gorge by long stripes fractured 
paraUel to its length, and constituting parallelopipedons of a 
certain breadth, is evident. 

* See Hubsr-Burnnnd's aoiii'lnsive expHrimenta on thia soliject, Ann, de ChiniiB 
et dc Plijeiqae, sJi, 168, and Feolincr's Ecpertorium, i. G5. 

I f S^a the Map of tho Mer de G\ace ani ila \,n\)ttUtiea m m-j Traveis in thu 

b.^s ofSavaj. 
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Crevasses — In the second place, I maintain that actual in- 
spection shows that a glacier is not the mass of fragments nor 
of parallelopipedons which some persons have, naturally enough 
at first sight, supposed it to be. In truth there is not an 
approach to such a condition in those glaciers which move over 
looderate slopes of considerable extent, which have very properly 
b«en assumed by all writers as the criterial examples of any 
tileory; for it is not denied that portions of glaciers and glacier 
"tributaries do sometimes fall piecemeal over precipic^*«, each 
'^gment descending by its separate and individual gravity, in 
^Tie manner of an avalanche, although I am disposed to believe, 
indeed am sure, that the number of such instances is smaller 
"than is usually imagined ; and the angle requisite for such a 
tumultuous mode of descent is far greater than it lias, perlmj>s, 
always hitherto been considered to Ixf. To him who wouW 
form a just estimate of the mechanical constitution of a gla/;jer 
—who would consider it as a whole — without always diHirH^^iUij; 
his attention from the length and breadth of the problem by a 
minute attention to its lesser features, — I would eaniently 
reconmiend the frequent and attentive survey of a glacier m 
glaciers from a considerable elevation alxjve their level and 
under varying effects of light Had I confifie^l mym\{ to 
studying crevasses on the surface of the glax;ier, meawiririg 
their depths, injecting the ice with fluids and taking liM UttU' 
perature ; useful and important as these inquiries are ^and 1 
might almost include the fundamental and xnmi jm|K;rlfini 
inquiry of all, that of ascertaining the veUxrity of \\m parU;, I 
should have been much longer in mhiug t?ie general truth of 
the individual character of a glacier, tlie m\HfrieiUOAi tff tl^i 
fluid-like connection of its parts, the p^jrfectly mto/nulnry 
importance or unimportance of the fissures by which it is ofUm 
traversed. The traveller who winds his tortuous and someiinie^ 
perilous path among these crevasses, fcirgets, in the fatigue of 
his circumventions, in the wonder of his curiosity at their 
beauty and seemingly nn&thomable depth, in tljc appallinrr 
steepness of their ades and the coTn\yata\\\^t v\\vyt^^:>\TvVj 
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own footing — he forgets, I say, in the midst of all these elaimn 
upon his attention, his curiosity, and his strength of miiicl, tlie 
comparatively large surfaces of unbroken ice over which be 
heedlessly walks, and the small, the very small depth at w 
most of the yawning crevasses which make such an irapreffiion 
on his imagination, dwindle into mere slits ; — and when hi* 
walk is finished, he imagines that a glacier is a mere networfc^ 
of GsBiu-es interlacing in all directions. But let him gain ^ 
bold height above its surface, 800 to 1000 feet at least * at^ 
that the whole may be spread somewhat like a map befor^^ 
him, yet not too distant to prevent his seeing the number ami^^ 
forms of the crevasses, and estimating their area compared to ^ 
that of the unbroken ice, his opinion is first shaken and then 
changed, He sees in the glacier a whole, which, regarded as 
such, is merely scarred, not dissected by these fissures; — he 
sees a mass as capable at least of conveying strains as thrusts ; 
of which the cohesion is no more destroyed than (to use a 
comparison which I long ago employed) a parchment sieve is 
incapable of being stretched because it is covered with fine 
slits. 

I am conBdent that this will be plain to every unprejudiced 
person who will make the observation which 1 have recom- 
mended, and I have no hesitation in stating my belief that it 
will be found to be fully confirmed by M. Wild's map of the 
glacier of the Aar, should it ever be published; 1 say so without 
having any recollection how the matter stands, altliough I once 
had an opportunity of seeing that fine work for a few minutes ; 
and the verification of this remark, by positive measurement, 
will, so far as I see, be the chief result likely to flow from 

» I may mention, as the very test stations wliich I ftm acqnainted with,' ibe 
summit or higher slopes of the hill of Cbanooz above Momanvert, Station G*, 
above Trolaporte, and a ])oint directly above the Couvercle at least 1200 feeC 
higher than the Mer de Glace, which may easily be reached from the glacier of 
Talefre. Other glaciers offer of course similar points, but few so advanto^om ; 
the glacier of the Aar from the Schneebigborn, the lower glacier of Grindelwald 
from the slopofl of the Meltonborg, Iho glacier of the Ebone from near the Majcn- 
wand, and that of Zenualt from the Biffelberg, are examples. 
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tie patient aiid disinterested labour of that competent i 
veyor. 

But if this be tnie in a merely superficial plan, how much 
more true would it be if we could pare off the upper stratum 
of the glacier, and view a horizontal section of it at a depth of 
a. hundred feet ! The depth of the erevasses has, I am per- 
STiaded, been as much exaggerated as the tliickness of the ice 
of the glacier has been underrated. In how few teases (where 
a. glacier does not descend tumnltuoiisly) can we let a plumlj- 
line down even 6fty feet without grazing the sides ! and to 
"^liat an insignificant fissure has the gaping crevasse dwindled 
^Ten at that small fraction of the glacier's thickness! Supposing 
the crevasse to become uniformly narrower, liow soon would it 
Xe extinct ! 

Again, the crevasses which traverse the surface of the 
glacier, have almost always a determinate direction or direc- 
tions, of which the simplest type seems to be tliat of perpen- 
dicularity to the veined structure,* which, generally Epeaking, 

• [Travela in the Alps, p. 171. As the differential Telocities conaiderad in 
vtrtical plane, to whicli the/ronTai dip of Che veined etructure [see qIidts, pp. 19, 69} 
is principallj dne, are for the most part caused by intense resistance in the direction 
of motiDD, the preseurea oceompanjlng or prodacing theee differential velocitiea do 
not tend directly to produco creiiiEaea unless the glncier he free t^ Spread itself 
btteralh/. In thia latter caae the crevaeaea open parallel to the movement of (ha 
iee or to the length of the glacier, and we have then the radiant Ijalem of cra- 
TSsseB already Bevvral limes referred to, as in the glacier of the Ithone, etc. (pp. 7, 
20). The powerftJ lateral compresBion eierted hj the oonBning walls of the Mer 
de Ulace, the glacier of the Aar, and other oanal-shaped glaciers, prevent this mode 
of fisBuro. Under theao circnni stances, as I have pointed out ifi A paper in the 
Philosophical Magazine for Ma; 1S15 (which being chieffy controvitralal, is not re- 
printed at length here), ne mnst consider the perpendicularit; of the crevasBBl 
to the veined atruoture to have reference to the differential motions which produo* 
the veined struotnre aiimaied in a horizontal plane, or disembairasaed from Iho 
effect of hydrostatic oompression producing the frontal dip.-)- I have in the same 
place illnatrsted the correctness of this view by a referenoe to the plastic models 
descrihed in g 1 of the present paper, where, practically, the frontal resialancB 
does not interfere with the resnlt, and where, Ihei'efore, the lines of finaure or cre- 
TBSsea dne to tenalon, are throughout perpendicular to the linea of differential 
motion or the veined structure due to horizontal forces only. The direction of 
these last, as well as of the crevasses perpendicular to them, are aufSciently indi- 
cated in figs. 2 and 6 of Plate I., and also in the woodcut on page 79 of the 
preaent volume. Nov. 1858.] 

t Phil. Mag.. May 1845, p. 108, 
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occosiona a convexity of the lines of fiBsure towards the origin 
of the glacier. Oppoeitc Montanvert the crevasses form two 
eystems inclined 65° to one another, but this appears to be it 
casiiat occun-ence arising from a fresh strain being imposed on 
the ice owing to its rigidity when the db-ection of the bed or 
trough suddenly changes, and the two-fold systems probably 
coexist but i'or a short space, one tending to close whilst tlie 
other opens. Be this as it may, unless where a glacier is 
falling headlong in the manner of a cascade, the crevasses do 
not produce any actual dislocation of its mass into blocks ox 
fragments, since the crevasses rarely intersect even whore most 
numerous, but almost invariably tJiin out in the solid mas 
whilst another crevasse takes its origin a littlo to one aide or 
other leaving a firm connection of ice between them ; and tbe 
diflaculty and danger of traversing a glacier where [it is] muob 
erevassed, does not arise from the necessity of leaping fi-om Equate 
to square of ice, but from having to traverae these bridges of I 
icy communication wliich even there link the glai^ior together, | 
and which are almost always sharp on their upper edge when I 
the season of the year is pretty far advanced, owing to the I 
continual drippmg. 

The occnrrcnce of crevaseea which cut up a glacier into 
square or trapezoidal blocks, is sufficiently infrequent to deserve 
notice. Such occiu' when a glacier of the second order de- 
scends over a boss of granite, or a surface convex in all 
directions. We have then radiating crevasses combined with 
concentric ones, producing a tartan-like appearance. Such 
may be seen in a glacier of the second order on the south side 
of the Aiguilles of Charmoz and Grepon, above the Glacier du 
Geant; and it is a very convincing proof of the essential tenacity 
of a glacier, that, with a surface so scarred and intersected, the 
fragments do not fall away in avalanches. This only is to be 
explained by the consideration that, tliin as are the glaciers of 
the second order, the apparent dislocation is only superficial.* 

' [Wbea thej fall in avalBiDc^eB, or ktb a\iQvit to do bo, on the verge of a pre. 
eipice, the detscbed trapeiotdal Uocks teeweO. fiom 'Da ^ansKqiB lj« nl&u. Wjk , 
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Were the inequality of the central and lateral movement of 
the glacier mass to be attributed to longitudinal fissures or 
discontinuities, by means of which broad stripes of ice slide 
past each other, we should have to demonstrate the existence 
of such fissures, which could not be always close unless either 
(1) The surfaces were mathematically adapted to slide over one 
another, or (2) The ice possessed suflScient plasticity to mould 
the surfaces to one another's asperities, in which case the 
plasticity would alone be sufficient without the discontinuity to 
explain the motion of the ice. These longitudinal fissures, 
cutting the common transverse fissures perpendicularly, would 
divide the glacier even where most level into trapezia, and no 
transverse crevasse could be straight-edged, but must be jagged 
like a saw, or cut en ichehnJ^ Such a phenomenon never occurs 
unless where a glacier is moving torrenttally, or with great dis- 
turbance and down a steep. There such longitudinal fissures 
may occasionally be seen, but they form the exception and not 
the rule. It has been demonstrated by an elaborate proof in 
§ 5, that the only trace of longitudinal discontinuity in the nor- 
mal condition of the glacier is to be found in the veined struc- 
ture, which, being caused by a partial discontinuity at a vast 
number of points, admits of an insensible deformation of the 
glacial mass without sudden or complete rents, or slips, or the 
formation of zigzag crevasses. 

The existence of the great transverse crevasses, which, even 
in glaciers not moving torrentially, divide the surface of a glacier 
by rents perhaps 2000 feet long,t have been thought by some 
to be comparable to beams of an elastic material, supported at 
the two ends, and ^bending under their own weight forward, in 
the middle. Were this the case, it would scarcely modify the 
plastic theory as I have propounded it ; because in order that 
such a bar of ice should conform to the known movements of 
the glacier, opposite the Montanvert for instance, the centre 

his guides) the name of seracs, a term derived, if I recollect rightly, from a pro- 
vincial word applied to masses of curd chopped into square pieces in the daiiitK of 
the Alpine chalets. ] 

* [See Plate XL, %. 1.] ^ TraveVft, i^. V1\,U ^iJ^. 
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muat continually gain upon the sides at the rate of 150 feet per 
annum at least, consequently tbe limit of cohesion of an elastic 
solid would eoon be overpassed, and plasticity in the material 
sufficient to explain the whole motion would int'vitably be 
admitted at last. Independently of this, it is evident, that were 
such a flexure essential to the motion, the lines of crevasses 
would be convex in the direction in which the glacier is moving 
instead of towards its origin. 

Argument from the Equable Progresawm of Glaciers. — The 
eqnabihty of the motions of the various parts of a glacier, united 
as I have shown them to be by intricate relations,* must, I 
think, appear conclusive to every one capable of forming a just 
opinion on the subject, that the relative movements of the 
various parts of the glacier are due to the action of forces at 
small distances and to the antagonism of molecular cohesions and 
molecular strains, and not to the casual jumbling of a quantity 
of rude fragments. To myself, I confess that this now appears 
the strongest argument of ail for considering the glacier as a 
united mass like a river, in which there is a nice equilibrium 
between the force of gravitation, acting by hydrostatic pressure, 
and the molecular resistances of the semi-solid j the degree of 
regularity of the law which connects the partial movements is 
wonderful, and I maintain that it is inexplicable except upon 
the viscous theory. Thus (1.) The glacier movcH continually, 
summer and winter, day and night, and never by fits or stai-ts ; 
for if it does — if gravitation overcomes mere friction, it occasions 
a shock or avalanche ; (2.) Its mean annual motion is nearly 
alike from yeai- to year ; (3.) The relative velocities of points 
widely distributed over the glacier (but exposed to similar influ- 
ences of climate), change simultaneously in the same directions, 
often in the same proportions ; thus " the variation of velocity 
in the breadth of a glacier is proportional to the absolute velo- 
city at the time of the ice under experiment."! (4.) The pro- 
gression of velocity from the side to tlie centre is marked bv 

• See g 5 of this paper, pagea 108 anrl 109. t Travels, p 
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(5.) When we compare the motion of a 
given point of a glacier any day of one year and the same day 
of another, tlie probability is that the velocity will be exactly 
the same, if the season be equally hot or cold ; hence, surely, : 
most unexpected result, which I first announced in 1842, that a 
Jsw days' observation of a glacier will enable any one to compare 
its mean rate of Tuotion over its various parts and with different 
glaciers.'^ Thus, the motion of a point marked D 2 on the Mer 
de Glace, was in 1842, from August 1 to August 9, 16i inches 
daUy ; from August 9 to September IG, 18 inches ; now next 
year, 1843, one observation at the same poiut in August gave 
16 inches ; and in 1844, one observation in September gave 17i 
inches. But still further (6.) The very law of flexure of the ice 
is the same fi"om year to year : a series of stations across the ice 
at the Montanvert gave, in 1842, the following (simultaneous) 
relative velocities t} — 

1-000 1-332 1356 1-367 

The same points being recovered in 1844, the relative motions 
were (by a single observation of the space moved over in five 
days) — 

1-000 1-339 1-362 1-374, 

ratiofl almost the same, but slightly increasing, which corresponds 
with the fact mentioned above (3), that when the absolute velo- 
cities are greater, the relative velocities are so too, which was 
here the case, for the velocity denoted by I'OOO waa a little 
greater in the second case than in the first. § 

Tensions and Thrusts. — The occurrence of Open crevasses 
pl^ly indicates the existence of strains in the ice of glaciers 
producing disruption, at least partially. Hence some writers 
have precipitately inferred that the whole glacier must be in a 
state of tension ; an uncertain inference surely in a problem of 
• See § 5 of Aib pnper. 
+ [Regard mnW however be piud to thedrcumBtance that the difforent parts even 
of Uie aame glacier ate not eiactly Bimullaneouai)' affected by cbange of Benson. 
Bee Note to page 139,] 

\ TraveK IsleJil. p. \^^^. 
g ['111 e continuation of lliese obsorTBlions to 1846 ifi given in llie TLirtceiilh 
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singular complexity, aud one which ia not warranted by a more 

accurate analysis. Yet for a time rival theories seemed poised 
on the inappropriate question, " Are glaciers in a state of 
internal tension or compression?" Even if the glacier moved 
1 a mass of fragments, therefore without tension, the cohesion 
must first have been broken before it could be reduced into 
fragments. I have been inconsiderately censured for quoting, 
with approhation,* the observation of M. Elie de Beaumont, that 
a glacier appears to be rather in a state of disteiisiou than com- 
pression, whilst I adopted a hydrostatic pressure, acting from 
the origin as the source of motion. A careful examination of 
the passages in question will show that my assent to the view 
of M, Elie de Beaumont was limited to portions of the glacier, 
and especially to those portions most crevassed, the parts, namely, 
which connect the aides and centre, and which serve to drag the 
more sluggish, because retarded, lateral portions after the freer 
central part on which the vis a tergo acts with most advantage ; 
and ill a direction generally pai-allel to tbe blue bands, so far as 
they are due to inequalities of motion ia the horizontal plane.f 
My earliest attempts to obtain clear views of the internal forces 
acting on a semi-rigid body, impelled by self-contained hydros- 
tatic forces, convinced me how little could be founded on the 
completeness of any mathematical investigation of them, which 
in our present state of knowledge may well be considered as 
hopeless ; and reserving to myself the not so difficult task of 
extricating at a future time the more important practical laws of 
these strains aud thrusts, I very carefully avoided, in my first 
publication, any allusion to what might be considered as their 
actual distribution ; a distribution varying not only from point 
to point of the glacier surface, but throughout its thickness, and 
most undoubtedly varying also for the same point at dlfierent 
seaaona of the year, or even changing its sign, so that a tenstos 
at one season may become a thrust at another. 

I had no reason to repent of this caution, from which I only 

• Travels, Ut edit. pp. 178, 3T0 ; 2d edit. p. 370sjid Note. 
-f-See FbiluanphicRl MagaiiiDe, Ma; 1S15, p. 408. 
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departed so &r in my Serenth Letter ou Glaciers, published. 
Babseqaently, as to deduce in an approximate mouncr, from 
elementary mechanical laws, the directions of the mrfaxxa ef 
teariiig within such a mass ae I had described, upon the simple 
Bnppositioti that the hydrostatic pressure acting uniformly, tha 
tendency of motion of any particle will be in the direction of I 
least resistance when all the resistances are taken into acconn^ 
and that the surfaces of rupture will divide particles whow 
motions are dissimiiar, but will not divide particles whoea 
motions are ahke. I repeat that I bad no reason to repent of 
my abstinence from theorizing, when I found that a far better 
mathematician than myself, taking up the inquiry where 1 had 
left it, and after applying himself for a long time to the exclusive 
mechanical considerations which the viscous theory had suggested, 
left the subject, as I conceive, httle more advanced than he had 
found it, and fell into some mistakes and inconsistencies, almost 
inseparable from this way of treating a problem which extensive 
observation and patient thought can atone disentangle. 

Formation of Crecasses. — It has been seen in the tliird sec- 
tion of this paper, that De Sanssure, and almost all his succes- 
sors, have regarded the crevasses as accideiitti of glacier motion, 
and not essential to it ; and in tliis view I of course concur. 
Nevertheless, the study of crevasses is one of considerable, 
though secondary interest, and is very far indeed from being 
completed. It requires, among other things, a very sedulous 
attention to the state of the glacier at various seasons, and even 
whilst covered with snow ; and it requires further a two-fold 
classification of crevasses, into those which may be considered 
as proper to the mass of the glacier, and those which merely 
seam its surface. 

I will first speak of the last point. 

Though the formation of a crevasse betokens a local dis- 
tendmg force, such a force cannot with any certainty be referred 
to the whole depth of the glacier below the point where the 
chasm opens. On the contrary, there is a fully greater proba- 
hil/'tj- that antler that very spot the ice \8 com'^teweSk. W «( 
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I of a crevasse be, as ia imiTerBally aclmowledged, a. pro- 
tuberance or inequality in the bed over which the ice ia impelled, 
for the same reason that a beam, [supported at one end and] 
broken by means of weights, is in a state of longitudinal com- 
pression below, where its surface is concave, and of distension 
above, where its surface is convex, the cracks in the glacier may 
be due solely to this last and partial cause. Superficial crevasses 
may consequently be occasioned where there is no general dis- 
tension of the mass, either (1.) By the shoving of the semi-rigid 
glacier as a whole, over a convex declivity ; or (2.) From an internal 
turgescence arising from hydrostatic pressure, resisted by the 
intense friction of the anterior or more advanced parts of the 
glacier, which, causing the line of least resistance to be upwards 
and forwards, forces the pasty mass to tumefy or increase in thick- 
ness, exactly as it has been seen in § 2 [of this paper, page 91], 
that sluggish lava streams do in a similar case. But if the tume- 
faction be pushed beyond the limits of plasticity of the superior 
and more distended portions, they must burst and assume the 
crevassed forms actually observed in the plastic models described 
in p, 78. Hence the existence of crevasses not only does not 
always result from a state of general distension in the glacier, 
but may arise from the precisely contrary condition of great 
internal compreasion. This argument is well illustrated by the 
recent observations of M. Agassiz's co-operators on the glacier 
of the Aar, whose observations I have elsewhere shown* to he. 
incompatible with any other view than that of intense longitu- 
dinal compression in the mass generally, and yet the surface 
abounds in crevasses of tlie usual form and dimensions.! 

The manner of formation of crevasses generally, iuclnding 
Buch as may betoken a real distending force acting on any part 
of a glacier throughout its thickness, is not only a most curious 
question in itself, but suggests others which a correct theory of 
glacier motion can alone answer. If a crevasse ouce formed 

• Ninth Letter on Glaciers. [See p. 70 of this Volume.] 
t [TUa aeema too atronglj stated. Tliera are few glaciers leas cceiMsed thin 
that of (he Lower Anr, nnd f appciollj townrdB the middle of its liroadth, Hot. 1858.] 
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remain a fiBSure in the ice for ever after, why is the horizontal 
projection or ground-plan of the crevasses of a canaJ-shaped 
glacier convex towards the origin of the glacier, and not protu- 
berant in the direction of its motion, as the ascertained greater 
velocity of the centre would assign ? Why are the crevasses 
for the most part vertical and not inclined forwards, or at least 
not notably so, on the same accoiiut ? Why, if the glacier be 
urged downwards by a longitudinal force distending it, do not 
the crevasses continually widen in proportion BS they are further 
from the origin ? These questions seem incapable of a sound 
answer except by supposing that the crevasses are, at least in a 
great degree, the fresh production of every spring, and arise 
from the sudden start which the glacier makes when that 
extremity which descends into the vaUey liegius to experience 
tivB thawing effects of retm-ning summer. I should not wish to 
Bpeak positively upon what involves a difficult if not impossible 
observation, — the state of the glacier with respect to crevasses 
vhilst still under the winter's covering of sdow. But the fact 
of the transverse dkection of the crevasses, or even their con- 
vexity towards the origin, fi'om year to year, seems to admit of 
no other explanation. But besides this, I can affirm, from a 
direful observation of the crevasses of the Mer de Glace from 
June to September m one year, that the changes which they 
underwent were such as preclude the possibility of a cre- 
Tasse of autumn being merely preserved by the snow of winter, 
and re-appearing afresh in spring as it had done the previous 
one. The thing is impossible, because the character of the cre- 
vasse is essentially altered. In order that an autumnal crevasse 
may become a spring crevasse, it must be sealed up, annihilated, 
and opened agam. A glance at the three sections in Plate U. 
fig. 4, will illustrate this. No. 1 shows crevasses freshly opened 
soon after the snow has quitted the aurface of the ice — the 
edges are sharp, the sides vertical, the openings so small that 
they may be easily stepped across, and in other instances they 
are not wider than may admit the blade of a knife. No. 2 shows 
the crevasse opened to its widest extent by the acceleration of 
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the motion, by the force of the aun which baa altogether wasted 
away the side with the southern exposure, and by the copious 
drippings of the melting ice and mild rain. No. 3 (which as 
well aa No, 2 is taken from a. sketch on the spot. No. 1 being 
done from recollection) shows what I have elaewhore called the 
state of collapse of the glacier, which affords the most direct 

:ible evidence of its plastic coudition ; for we there see, not 
merely the prominences worn away and blunted by the heat of 
summer, but subsiding into the hollows, the crevasses being 
choked by the yielding of their sides, and the glacier again re- 
sumes a traversable character, only that the plane surface 
of spring is changed mto u-regulai- undulations preparatory 
to a complete amalgamation of the whole glacier into one 
mass.* 

The collapse is thus described in my Journal of 1842, writ- 
ten at the time, and therefore more emphatic and unbiassed 
than after my theoretical views had been matured and pub- 
lished. " 1842, Sept. 16, Friday. The level (of the Mer de 
Glace at the ' Angle ') has sunk since the 9th of August, nina 
feet 8i inches. The effect of this immense fall is abundantly 
evident in this part of the glacier. On my first visit this time 
{i. e., after au absence of a month), on the 10th, I was quite 
struck with its shrunk appearance, aa I was to-day with the col- 
lapsed state of the crevasaea. There cannot be a question hut 
that the glacier had subsided bodily into its bod, and that the 
aemifused pliaucy of its materials causes them to recover a luii- 
form and lower level. The crevasses m-e much less deep than 
in July and August, as at that tune they were larger and more 
numerous than in June. They are collapsed and (opposite 
Trelaporte) almost soldered up ; the edges all rounded and 
melted by the sun's heat." The phenomena here described, " the 
shrunk appearance," " the semijused plianct/," " the soldered 
crevaaaes," "the rounded edges," convey to the attentive spec- 
tator an intuitive conviction of the plasticity of ice at the thaw- 
• See Travels, p. 174 ; dnJ Kouith Lotter on Glaciere [pogeH 27 and 28.] 
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log seasou, which no words can express, no mathematical sjm- 
bols weave into a demoustration. I can only say thai it is i 
easier to believe than to disbelieve ; and that, sooner or later, it * 
will, I doubt not, be generally admitted. 

Considering the crevasses as chiefly superficial in the normal ' 
glacier (I mean tliat of which the inclination is not excessive), 
it is evident that the formation of the crevasses must depend ■ 
mainly upon the configuration of the bed. Where the section of I 
the bed parallel to the length of the glacier is convex upwards, [ 
there the tension at tlie surface will cause the crevasses to ex- 
pand ; when the bed is concave and the Eurlace is being com-> 
pressed, the crevasses tend to close. Hence the surface of the , 
glacier descending, an irregular bed may be alternately in a state ' 
of distension and compression, and the crevafises do not tend to I 
widen indefinitely, which would be the case if the whole glacier 
were distended. This tendency in the crevasses to expand and ] 
contract in accordance with their position is beautifully seen in 
viewing the Mer de Glace from a height, as we have recom- 
mended. The steep fall opposite Trelaporte shows the expan- 
sion of the crevasses, but the comparative level opposite the 1 
little glacier of Charmoz gives it time to recover its solidity by 1 
the general closing of the crevasses under compression. The i 
careful study of eucb a scene as this g^ves a more clear insight | 
into the glacier phenomena than any other part of the inquiry, 
excepting only the measurement of velocities. 

Lam of Velocities. — To these velocities we now return. 
The varying velocities in different glaciers, at diflTeront seasons^ 
and in different parts of the same season, are all in accordaace | 
with the motions of a viscous or plastic body. They depend 
upon the slope ; being greatest, ceteria paribus, when the slope 
is greatest ; and upon the climate to which the glacier is ex- 
posed, being greatest in glaciers which descend into deep v 
leys, and least in those which, though very steep (such as t 
of the Schonhom described in § 6), are placed in so 
and therefore dry and cold an atmosphere as to afford insoi 
chut water to moisten the sQOwy m&Ba ov nivk, at^ ^Vvia < 
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r therefore endowed with very feebly hydrostatic qualities.* This is 
L' demons tratecl on the one hand by the extreme Emallness of their 
[ motions, and oii the other by the insignificant streams of water 
I to which they give birth even in the height of summer. In any 
individual glacier the velocity of the parts must (on any theory) 
I vary with the area of section through which the ice stream has 
I to pass ; but yet it may happen that the contraction of a valley, 
r if not accompanied (ae is often the case) with an increased slope, 
I will oppose so great a resistance to the efflux of the mass, that 
' under intense longitudinal compression its forward motion is re- 
tarded, and the condition of uniform discharge is satisfied by the 
' accumulation of the ice in a vertical direction, the rise of the 
surface being necessarily accompanied with a thrust from below 
npwards, and a sliding of the particles over one another in that 
direction. This appears conclusively to be the case for a great 
extent of the lower part of the glacier of the Aar, as already 
, mentioned, and affords the most direct evidence which could iie 
' desired, that the kind of internal motion necessary for producing 
the frontal dip in the veined structure (which arises from tear- 
ing or crushing in sliding in the vertical plane)t was correctly 
F foreseen. 

The law of velocities at different points of the axis of a 
I glacier from its origin towards its termination, must evidently 
depend upon the configuration of each particular glacier. It 
, may be constantly increasing from the origin to the extremity, 
' it may be diminishing, or it may have alternations of increase 
I imd diminution ; and upon this circumstance the frequency and 
^ magnitude of the crevasses will mainly depend. But the rifjime 



* [This coDBiderMion (or rather the obaervntions on vhich it ia founded) provea 
iincingly the iraportaot part which Hiafer plays as a component part of a glocier. 
I A bed of mere indurnted bqow or nfcS, though it ia evidentlj more incoherent than 
I l^cial ice, owing to its dryness, is, as we eee,.far less mohile thxn the glacier pro- 
It oats like sand, transmitdng preesare with difficulty (see page 143); it >g 
, aIeo, DOtnithatanding its state of division into granules, iBtrineicitllf harder Ihotl 
F ioe perfectly lubricated with water, and probably very Blightl; colder becaaie dl 
I See below, page 16S, and later in this volume, the paper Oti tome Prapertit* 
tat itt melting poim.Snw. 1868.1 
f Savenfh Letler on Glaciers, f Pngo 53, above | 
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of the glacier, by wliich we mean to express the combination of 
circamstances determining its motion, varies from one seaflon of 
the year to another, owing not only to the general influence of 
heat and cold, but also to the progressive commnnication of that 
influence to portions of the glacier in fluccessive stages of ele- 
vation. Evidently the extremity nearest to the valley will 
receive the earliest and most violent impression of solar heat, 
whilst the middle and upper regions are involved in complete 
winter. Partial dilatations ranst taVe place in spring, partial con- 
densations in the decline of the year ; as is evident from the 
consideration that temperatures inferior to freezing do not sen- 
sibly affect the motion of the ice (see above, p. 138) which 
higher temperatures do, consequently the influence of season 
will be chiefly felt in those parts of the glacier where the tem- 
perature of the air seldom falls in summer to 32°, whilst the more 
stable motion of the higher part acts as a drag or cqualiKer 
upon the whole system. The condition of violent distension 
produces crevasses, that of violent compression produces the 
frontal dip of the veined stnictnre, or that share of it which is 
due to the relative motions in a vertical plane. The longitudi- 
nal veins will result whether the axis of the glacier be distended 
or compressed. Hence the reason why the frontal dip is diffi- 
cultly seen in all the middle region of a glacier which, like the 
Mer de Glaoe, is subject to much extension due to great and 
increasing declivity, and to be well seen must be sought for in 
the higher parts of the glacier, as above Trelaporte, at the foot 
of the Couvercle,* and in glaciers subject to great compression, 
as that of La Brenva, the glacier of the Rhone, the Aar, etc. 

Ablation of the Surjace. — One phenomenon is most satis- 
factorily explained by the variations of velocity established and 
illustrated in this paper. The collapsed state of the glacier after 
the hot summer of 1842, and the absolute lowering of its surface 
level by thirty feet in the space of a few months, had struck me 
as requiring an energy altogether extraordinary in kind and 
degree to restore next spring the level which had been lost, in 
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order to allow for an eqnal ablation the succeeding summer ; 
and at first I was disposed to admit so much of the dilatation 
theory to be true as would account for the swelling of the sur- 
face in a vertical direction by the fi'cezing during winter of the 
infiltrated water.* Fmther reflection convinced me, however, 
that this explanation was insufficient and also not required, and 
I accordingly concluded, " that the main cause of the restora- 
tion of the surface is the diminished fluidity of the glacier in 
cold weather, which retards (as we know) the motion of all its 
parts, but especially of those parts which move most rapidly in 
summer. The disproportion of velocity throughout the length 
and breadth of the glacier is therefore less ; the ice more 
pressed together and less drawn asunder ; the crevasses are con- 
solidated, while the increased friction and viscfwity causes the 
whole to swell, and especially the inferior parts, which are most 
wasted."! I have nothing to add to this explanation, except 
that the observation of the motion throughout the whole 
year confirms it in every particular. The more elevated por- 
tions of the glacier, which during a large portion of the year 
are exposed to a mean temperature under 32°, move in a 
manner comparatively uniform, the lower extremities undergo 
great oscillationB in their speed {in the ratio of four or five to 
one, see page 129) ; hence the attenuation dining the summer 
regiine, which is owing to the drag taking place downwartfe in an 
excessive degree; but the winter's cold, equahzing in some 
measure the velocity everywhere, brings the plasticity into full 
action, fills the crevasses, and swells the surface to its old level. 
As it is universally admitted that the glacier proper does 
not grow in thickness by snowy accumulations, the impoi'tant 
variations in its level in different yeare X cannot be ascribed to 
the severity of certain seasons increasing the mass of snow 



• Fourth Letter. [Page 34 above.] 

f Travels, p. 386, 2d cciit. [Son also the verj Btrikiiig analngnua paac of Isrs 
treMna mentioned in §2 cf thia paper, page 91.] 

} FoT iQstance, it b.tB been acED from Balmat's narrative (p. 134 above), that 
n 1846 the glacier attained a mnch higher level at the Angle thnii it had done Tor 
three previoiw jeare at ieaat, ainee all the marfca of rnBRBuremelita which w 
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tailing upon it, but rather to the prolongation of the winter cold 
into spring and summer, which causes the condensing or accu- 
mulating process to he in excess, and therefore the thickness of 
tfie plastic mass to accumulate beyond its due amount. 



Thus we have the following phenomena, all independently 
observed, reconciled and explained by one hypothesis ; the 
general convexity of the crevasses upwards, notwithstanding the 

B of motion in the centre ; the general verticality of the ' 
Crevasses, notwithstanding the retardation of the bottom ; the 
P<3rfect state of the crevasses every spiing succeeding their 
"^■isible collapse in autumn ; the ascertained velocity of different 
t»ai1a of the glacier, and the diversity of the annual changes 
^vhich those velocities present ; the seemingly opposed fa(;to 
^towing the glacier to be subjected to powerful tension, pro- 
•ilicing crevasses, and yet to be under a compression which pro- 
duces in some places the frontal dip ; and finally, the renewal 
'if the level of the ice during winter, which has been lost partly 
t»j superficial melting, hut as much or more so by the attenua- 
■fcion and collapse of the glacier during summer. These various 
effects of one cause, though they do not embrace all the pheno- 
iTMcna of glaciers, certainly include a very remarkable and com- 
X>'icated group of facts. 

Flasticity — Veined. Structure. — I certainly never expected, 
■\^'hen promulgating the viscous theory, that it would have met 
"with 80 much opposition on the groimd that the more familiar pro- 
perties of ice are opposed to the admission of its plasticity ; and 
tliiit the fragility of hand specimens should be considered aS 
coDi^lasive against the plastic efi'ect of most intense forces acting 
*>[i the most stupendous scale upon a body placed in circum- 
Btancea which subjec^t it to a trial, beneath which the most mas- 
Kve constructions of the pyramid-building ages would sway, 
^tter, and crumble. In an age when generalizations of the 



I 



OB the tocir in 1842 ware concealed : and ho atlribatea this, apparentlj with re 
**tbe«itretne latcneea and eoldnesa of ihe spring. [See aim the obaorTntiotia on. J 
'!« glldet of La Brenva in the Twelftli Letter below.] 
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more obvious kiuda are no longer proofs of genius and perspi- 
cacity, and when popular writers on science delight to startle 
their readers by showing how bodies the moat dissimilar possess 
properties in common ; in an age in which gradations of pro- 
perties and organs have been studied with such persevering 
sagacity, and in which so many unexpected qualities have been 
discovered ; — when iron is classed as a combnstible, when metals 
are found which float on water and which catch fire on touching 
ice, when a pneumatic vacuum is formed and maintained in 
vessels live milea long, and whose sides are ripped open twenty 
times a day ;* — when, moreover the simpler abstractions of former 
times are being daily overset, when no body seems to possess 
any one property in perfection, and all seem to possess imper- 
fectly every quality admitting of degree ; — when adamant is re- 
jected from our vocabulary, and softness means only less hard- 
ness, and the definition of a perfect fluid is as imaginary as that 
of a solid without weight ; — when a vacuum and a plenum are 
alike scofftd at, and even the heavenly bodies toil through media 
more or less resisting ; — when no substance is admitted to ex- 
pand uniformly by beat, when glass may be considered a con- 
ductor of electricity, and metals as imperfect insulators ; — in 
theae days, when the barriers of the categories are so completely 
beaten down, I bad not expected to meet with so determined 
an opposition to the proposition that the stupendous aggrega- 
tion of freezing water and thawing ice called a glacier, subjected 
to the pressure of thousands of vertical feet of its own substance, 
might not under theae circumstances possesa a degree of yield- 
ing, moulding, self-adaptiug power," sufficient to admit of slight 
changes of figure in long periods of time. Still less could I 
have anticipated that when the plastic changes of form had been 
measured and compared, and calculated and mapped, and con- 
firmed by independent observers, that we should still have had 
men of science appealing to the fragility of en icicle aa an uu- 
anawerable argument ! More philosophical surely was ^ 
appeal of the Bishop of Annecy from what we already boi^^^l 

* [In tbe Atmoaplieric Kailway.J ^^^^^| 
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what we may one day leam if willing to be tauglit : " Quand 
on agit sur un morceau de glace, qu'on le frappe, on lui trouve 
une rigidite qui est en opposition directe avec lea apparences 
dont nous venons de parler. Peut-Stre que les exp&riences faites 
sur de phis grandes masses donneraient d'autres risuUats.* " 

The " ductility" is indeed not great ; the compact ice even 
of the slowest moving glaciers bears evidence, in the veined 
structure, or " blue bands," to the bruise whicli it haa received 
from the all-powerful strain which has acted on it. When the 
difference of motions is excessive, or the slope occasions the 
speed to he greater than permits the gradual molecular adapta- 
tion of the semi-rigid parts to one another, the masses are 
broken ap and fall more or less tumultuously ; the strain leing 
(Ami removed by the dislocation, the veined or bruised structure % 
invariably extinguished at last. I shall quote a series of ex- 
amples of the gradation of phenomena, which I conceive to 1: 
plainly connected by a common cause. 

1. In any torrential glacier, such as the Glacier des Boasons, 

*lie upper part of the glaciers of La Brenva, Alialein, or the 

Rione, and many others, the fractures are so numerous that the 

• Theorie isB Glaciers de la SaToie, p. 84, Quoted in my Travels, p. 367, 2d 

™*- Since this paper was rend, Mr. ChnBtie, Secretary of the Rojul Societj, ha* 

Dndly camlii imitated to me a verj striking remark upon a wetl-known and easily- 

tepeated eipeiiniBnt. The eiperimeot ia this : If, in the course of a severe winter, 

*n6Uogr iron shell he filled wilh water and eiposed to the frust with the fuze-hole 

"IPPomost, a portion of the water expands in treeang, so as to protrude a cylin- 

•"' of icB iiom the fnze hole ; but if the eiperiment he continned, the cylinder con- 

tuws to grow, inch hj iacti, in proportion as the central nnclena of water freezes. 

'In the first instance,'' says Mr. Cbristte, " a shell of ice containing water whs 

fcnned, no doubt, within the iron ehell, and the fnze-hole might be filled by the ei- 

pttuion of the water in the act of freezing; so that there maybe no reason for 

llltitating plaaUcity to the ice as far as this goes ; but the shell of ice once formed, 

ud the fuze-hole filled with ice, the subsequent rise of the ice must have proceeded 

fnUD Che ice of the interior ehell being squeezed throagh the narrow oriSce. ITo 

flawing took place doting the process. Does not this show plasticity even in tbij 

man masses of ice ? " I have also been lately informed, on excellent anthori^. 

that in anew work by a most eminent German nainetalogiat, the plastic character 

of ice iu maases is assnmed as an admitted fact. In corroboration of what has been 

said in the text, I may farther add, that whilst these sheets are paaning through ths 

presB, I observe in the Athennum (June 20, 1846), an accoont of a patent proceu 

fyr moulding solid tin into tubes and other utensils, in the conrae of which i 

that "lio under a pressure of about twenty tons to a circular inch will rmt accord-. 

lag to tha Uw of finids," 
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ice descends in blocks, almost as water in a cascade often does 

1 spray, and hence, the internal strains being destroyed, no 

stnicture is developed, or if previously developed, tends to wear 



2. In a glacier moving torrentially, that is, with freqnent 
and considerable changes of velocity, but without being divided 
into blocks by intersecting crevasses, we find real internal cracks 
in the ice, some feet in length, and an inch or more in thick- 

9S, marked by the pure frozen water which fills these spaces 
in the comparatively opaque whitish ice of which glaciers de- 
scending rapidly from the region of the n4v4 are composed- 
Such are peculiarly visible in the lower and more accessible 
region of the glacier of Bossons ;t perhaps the most iaatractive 
which can be named as showing these infiltrated cracks, which 
by their dimensions, direction, and in every other particular, 
form a true link between the longitudinal dislocations of a tor- 
rential glacier and the perfect veined structure or bruise into 
which it passes by imperceptible gradations, including a perfectly 
regular development of the frontal dip, where we might expect 
it to be well shown, for the observations of page 128 show that 
the lowest portion of the glacier of Bossons moves slower than 
its middle portion ; there is therefore a manifest longitudinal 
compression arising from the friction of the bed.^: 

3, The next stage is that of the perfect bruise or veined 
structure, best seen in the most united and least fissured parts 
of glaciers with rocky sides and moving over a moderate slope. 
Whatever increases lateral compression (without however ne- 
cessitating dislocation), such as the union of two or more 
glaciers in one, tends to develops the stnicture more perfectly.§ 
Such cases are well seen on several parts of the Mer de Glace, 
and of the glacier of Miage.H 

• See Thiril Latter on Glaciers ; page 24 of the present lolume. 

t See Travela, p. 181. 

f The interaal rents in the Inva of Zafarana referred to in g 2 of tMa paper, uid 
figored in Plate L, fig. 8, present s perfoot analogy with those of the glacier 
sons, and appear to bo due to the same cause. 

g Third Letter [p. 24, ahove.] 

n See the figures of the structure of the gli 
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4. In very wide glaciers, moving with feeble velocities, the 

reined structure is slightly developed, except i 

amply because tlie twist being Binall the ice is hardly braised, 

Tier can we wonder to find the structure at the distance of 

many hundred yards from the sides of a vast slow-moving 

glacier of this description, if developed at all, to be complex 

and irregular, exhibiting twists such as I have figured in my 

Trarels, p. 164, and which are peculiarly conspicuous in the 

Biflgnificent glacier of Aletech. This circumstance finds a pre- 

riBeaualogne in the case of a great river, such as the Rhine, 

or indeed in any river moving with a very slight inclination ; 

the excess of velocity of the central above the lateral parts, 

not very great at any rate, is distributed over such a space 

^t the slightest casual disturbance of the current, from an 

iTegularity in the bottom or sinuosities of the course, pro- 

■JnccB local differences of velocity, occasioning ripples and eddies 

"< various parts of the breadth. If these ripples and eddies, 

"^ other words, differential motions of adjacent particles, coidd 

"S visibly represented by using differently coloured fluids, they 

"'^uld undoubtedly afford sections exhibiting undulations and 

distortions exactly like those which the ice presents in the 

"^eg mentioned above. We claim therefore the apparent 

"ception as a real proof of our general rule. 

5. In the n4v4 proper, no true veined structure is developed ; 
/•■«, Because, whilst the mass is snowy, its powdery nature 
yields without admitting of a fracture or bruise ; second/^, 
Because the true n^v4 has rarely any lateral compression worth 
nKntioning, being widely spread, and not contained between 
(teep barriers ; thirdly, Because its motion is altogether very 
smaU; lastly. Because its extreme dryness docs not afford water 
enotigh to percolate its substance and there to be frozen ; * 
when it does so, it ceases to be n^vi. 

On these grounds I hope that the theory of the veined 

• [Or, acoording to the tiew whioh 1 flret fldopted on n renewed 
the ^aoi^r in 1S46 (a few months after these pages were writteii), hecnuse : 
mod pressare, combincij vith internal friction, had not moulded tha granuli 
ffiiB Into a nniform eonaistenoe. 8gc letter Thirteenth, bebw.^ 
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atruutiire, bo important to that of glaciers, may be considered 
as explaining a number of intimately connected phenomena. 

" The glacier Btmggles between a condition of fluidity and 
rigidity."* " A glacier is not a mass of solid ice, but a com- 
pound of ice and water more or less yielding, according to its 
state of wetness or infiltration." f " The pressure commnni- 
cated from one portion to the other will not be the whole 
[iresfiure of a vertical cohmin of tlie material equal in height to 
the difference of level of the parts of the fluid considered ; die 
conrastency or mutual support of the parts opposes a eert^a 
resistance to the pressure, and prevents its indefinite traos- 
mission. . , A glacier is not coherent ice, but a graaulflt 
compound of ice and water." J " When the semi-duid i« 
inclines to solidity during a frost, the motion is checked ; If 
its fluidity is increased by a thaw, the motion is instwitlj 
accelerated. . . It is greater in hot weather than in cold, 
because the sun's heat affords water to saturate the ereva8Be8."§ 
Such were the terms in which, within a few months after sng- 
gesting the viscous theory, I expressed my opinion of the 
influence of the compound structure of the glacier, a mass 
composed, not of ice alone, but of ice iucluding water in its 
coimtlesB capillaries, never frozenji even in winter. The quality 
of plasticity or viscosity resulting from the union of a nearly 
perfect fluid with an imperfect solid is seen in very numerous 
and familiar instances, as for instance in sand, which is itself 
devoid of any tenacity until its interstices have been saturated 
with just so much water aa to cause it to flow ; or in the stiU 
more familiar instance of water-ice prepared for the table, in 
which the varying proportion of the solid and fluid ingredient 
gives to it every shade of consistency, from a brittle solid to 
a liquor, including suspended solid graius. The prodigioua 
effect of capillary infiltration in determining the motion of even 

• Third Letter on Giaciere, Aognst 1842, |"p, 23 above], 
t Trftvela, lat Edit., 1843, p. 175. 

i Trayela. p. 367., Edit. 1843. | IbiJ, p, 372.1 

U Ibid, p. 361, 373. 
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die most solid and ponderone bodies, breaking up their part^ 
&nd giving to the motion of the whole a more or leaa river-like 
character, ia seen in the frequent case of land-slips, as for in- 
stance that of Goldao. And scarcely less instriictive are the 
numerous examples, cited in the first section of this paper, of 
huge masses of almost cold and brittle lavas being pressed 
with a uniform and graduated motion, by the almost unimpeded 
bydrostatical communication of pressure from the yet active 
fluid which circulates unseen in their pores. With this analogy 
before me, I replied in 1844 in the following terms to the 
question, " How far a glacier is to be regarded as a plastic 
masB?" — " Were a glacier composed of a solid crystalline cake 
of ice, fitted or moulded to the mountain bed which it occupies 
like a lake tranquilly frozen, it would seem impossible to admit 
Bach a flexibility or yielding (jf parta as should permit any 
comparison to a fluid or semi-fluid body transmitting pressure 
horizontally, and whose parts might change their mutual posi- 
tion 80 that one part should be pushed out whilst another 
remained behind. But we know in point of fact, that a glacier 
ia a body very difl^erently constituted. It is clearly proved by 
the experiments of Agassiz and others, that the glacier is not a 
mass of ice, but of ice and water ; the latter percolating freely 
through the crevices of the former to all depths of the glacier ; 
and as it is matter of ocular demonstration, that these crevices, 
though very minute, communicate freely with one another to 
great distances, the water witii which they are filled communi- 
cates force also to great distances, and exercises a tremendous 
hydrostatic pressure to move onwards in the direction in which 
gravity urges it, the vast porous crackling mass of seemingly 
rigid ice in which it is, as it were, bound up.* 

Now the water in the crevices does not constitue the glacier, 
btit only the principal vehicle of the force which acts on it, and 
the slow irresistible energy with which the icy mass moves 
onwards from hour to hour with a continuous march, bespeaks 
of itself the presence of a fluid pressure. But if the ice were 
* Siith Letter, [page 51 above,] 



I 






166 T16C0U8 THEORY OF GLACIER MOTION. [1846. 

not in some degree ductile or plastic, tliia pressure could never 
produce any, the least, forward motion of the mass. The pressure 
in the capillaries of the glacier can only tend to separate one 
particle from another, and thus produce tensions and compres- 
sions, iBithtn the body of the glacier itself, which yields, owing to 
its slightly ductile nature, in the direction of least resistance, 
retaining its continuity, or recovering it by re-attachment after 
its parts-have suffered a bruise, according to the violence of the 
action to which it haa been exposed. 

The action of warm weather in accelerating the movement 
of the glacier is plainly due to the abundance of the water 
saturating its pores ; but this may act in two ways — first, by 
rendering the frame-work of ice less brittle when it is in the 
very act of dissolving by the circulation of water in a per- 
fectly fluid state tiirough its pores,* and secondly, and more 
particularly, from the hydrostatic effect of gorging a porous mass 
with fluid. When an incipient frost dries even momentarily 
the surface of the glacier, the vast porous mass begins to drain. 
This is a very slow process, owing to the resistance to the 
passage of a fluid through very long and compUcated canals. 
Were it not so, glaciers would be entirely dry after sunset and 
in winter, which is not the case. The hydrostatic pressure 
within the whole glacier is however sensibly diminished by the 
process of drainage ; this is evident from watching the level of 
water in a vertical hole of any depth made within the solid ice 
of the glacier. After much rain or heat this level is always 
higher than after dry cold. In the former case the glacier may 
be said to be gorged, the supply of water from the surface 
exceeding the power of the drainage to carry it oQ". The cir- 
culating vessels are therefore overcharged. In the latter case 
the superficial supply is stopped, the drainage goes on slowly 

* This I tliiuk ia QTideniable, IVom tbe appearance of tlie coilapBcd creTSfse* 
•bore referred to, notwithstanding the diEliculty of imBginin^ an; variation in the 
senaibia heat of water circulating in ico. It is not Ihn only fact in the glacier 
theory which seems to require some njodiflcation of the commonly reoeivi'd laws of 
latent heat at the very limit of congelation and liquefaction. [See later in this 
volame, the Siiteanth Letter on Glaciers, and the paper entitled " On Bome Pn)- 
'ie» of Ice near itB Melting Point."] 
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thougli uninterruptedly, and the level of the water in the vertical 
Bhaft slowly deacends, indicating the diminution of internal 
pressure. If it were not for the capillarity of the ducts, it is plain 
that no effective hydrostatic presaute would be developed at all ; 
the flow being equal to the supply, no part of the vis viva would 
be expended in producing iuteraal pressures. With this con- 
cluding observation I commit the Plastic or Viscous Theory of 
Glaciers to the impartial judgment of those qualified to decide 
on its merits in explaining facts, and on the variety of difficult 
and complicated considerations which opposed and still oppose 
themselves to a complete development of it. 



1 



Edinburgh, Jan. 10, 1846.* 



Addition to the Footnote at page 161 of tlie preceding 
Paper on the Plasticity of Ice on a small scale. 

[I take this opportunity of recording, that soon after the 
publication of this paper (in 1846) 1 made some experiments 
connected with Mr. Christie's ingenious observation. The 
freezing of water was performed in strong glass vessels, so that 
the manner of protrusion of the ice could be better examined. 
It was conceivable that the expulsion of the ice in the cast-iron 
shell through the cylindrical opening was facilitated by the 
internal pressure punching out, as it were, successive cylinders 
of ice from the spherical shells of ice successively formed, or 
that the extrusion was accomplished by a series of cylindric 
fractures, and not by the general moulding of the plastic ice 
fi^m a wider through a narrower outlet. To show that the 
latter and not the former assumption was correct, I took some 
greasy matter of a bright red colour, and introducing it by the 
finger through the aperture of the strong glass vessel, I anointed 
with it the inside of the glass all round the internal orifice or 
throat of the aperture, keeping, however, the walls of the aperture 
• [Printed by mistake 1846 in the Fliil. Trana.J 
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Staelf, and even the closely adjoining expansion of the interior 
surface, carefully and perfectly clean. Yet when the protrusion 
of the ice cylinder took place, the Burfaoe of it, even at the 
height of an inch or two ahove the neck of the bottle, 
smeared with red colour. In one of the specimenB the definite 
ring of red was, as it were, transfeiTed from its position on the 
internal expansion of the bottle to the surface of the compara- 
tively narrow cylinder of ice which had been discharged through 
the aperture. Now this could not possibly have occurred unless 
^^ the plastic substance of the ice had been forced laterally and by 
^^L a converging pressure from all sides {up even to the particles in 
^^H contact with the interior of the glass), bo as to be forced through 
^^ the contracted outlet as a tenacious fluid tmder its own pressure, 
or a plastic solid subjected to a considerable force would do 
I under like circumstances. The Frontispiece, Plate VI*fig. 1, 

^^H taken from a coloured chalk sketch made at the time* from one 
^^H of these experiments, will explain more distinctly my meaning. 
^^H It shows the impress of the coloured ring transferred from the 
^^H comparatively large surface whence it was derived to the cylinder 
^^H of small diameter into which it has been compressed. Figure 
^^H 2 shows the appearance of the protruded ice when partly thawed, 
^^H the curved surfaces of air-bubbles indicating the graduated effect 
^^H of friction as the distance varied from the glass, which appears 
^^H .to be consistent only with a molecular plasticity of the ice. In 
^^B these experiments the slow progress of congelation of the interior 
^^H water, which is the source of the intense pressure, is eminently 
^^H favourable to their development, while it also bears.some analogy 
^^H to the extremely gradual internal movements of a glacier. 
^^H Were it attempted to produce by intense pressure acting for a 
^^H few minutes what we here produce in many hours, or even some 
^^H days,t the effect, though perhaps externally analogous, would be 
^^H deficient in the evidence of plasticity. Nov. 1858.] ^^H 

^^H * [In the winter 1846-7. if I I'ecollect rigJitly.) ^^^| 

^^^H f [Mr. Christie'fi Gxpetinient lusteil teveral dsye. Bib lettcl', whioll ^^^^| 

^^H before me, ie dRtad 4th April 1846.] ^^^1 
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XIV. ELEVENTH LETTER ON GLACIERS* Addressed 
to PaoFEsaoR Jameson. 



OliBervadons on tlie Depression of the Glacier Surface — Ablatjon and SuljaidBnos 
I diatingaislied and a^Deitained — Oa the Relatire Velocitj of tbe Surface and 

^^^■Sotlom of s GItkcier. 



Mr Deab Sir — In my Tenth Letter on Glaciers, which 
you did me the favour to pubhsh lately, a question was dia- 
cussed respecting the apparent depression of the surface of a I 
glacier. I had already pointed out in the first edition of my ' 
Travels, that several causes combine to produce this depression, I 
but that observations were wanting to distinguish them. The 
causes then enumerated were (if I mistake not) these :^1. The | 
actual waste or melting of the ice at its surface. 2. The sub- I 
Bidence of the glacier in its bed, owing to the melting of its ] 
inferior surface, whether by the heat of the earth, or that due t 
to currents of water. 3. The effect of the drawing out of the | 
glacier where it is in a state of distension, which tends to reduce 
ibe thickness of the mass of ice ; (when a glacier is violently 
compressed the effect will be contrary, or an elevation will 
result) ; to which may be added the influence of the slope of 
the bed of the glacier, by which, as it moves forward, its abso- ! 
lute elevation is duninished, or the contrary if it ascends, 1 1 
had also pointed out a method f by which the first of these ■] 
effects, or the absolute ablation of the ice (as it has been termed .1 
by M. Agassiz), might be distinguished from the other two, I 
namely, by driving a horizontal hole into the wall of a crevass^.l 
and observmg the diminution of the thickness of the stratum oh 
ice above it. The partial and total effects I have observed iaJ 
the following manner, during the present summer, on the MerJ 

• Edinburgh New Philosophical Journal, Ootoher 1846. [The Tenth Letter tfl 
Ihe SerieB is not reprinted, being mainly contra vsrriul, and not EODtaiuiiig neiffl 
uriginol ohservatiotiB. It will be found in the suae Joarnsl for January 1846.J ■ 

t Travels, Ut Edition (1843), p. 154. ■ 
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de Glace of Chamotmi. A crevasBe, nearly vertical, and of no 
great depth, was selected, rmming in a direction transverse to 
the glacier. The moat vertical wall (nearest A, Plate VI,, fig. 1) 
is always the [one] least exposed to the sun, and the waste of its 
surface ia very small, unless in the case of rain. In this wall a 
horizontal hole, C, was Lored, to the depth of at least a foot, and 
was renewed from time to time. The depth at which this hole 
existed below the surface of the glacier was determined by 
stretching a string, AB, across the crevasse, and measuring by a 
line the vertical height from C to AB. The variation of this 
quantity gives the actual fusion of the surface, free from the 
errors mentioned in my former letter. It is, of course, very 
variable, depending on the weather as well as on the place of 
experiment. Opposite the Montauvert, about 200 feet from tht* 
side of the glacier, during the hot weather of July and August 
1846, the ahlation amounted on an average to 3'62 inches per 
day ; at a higher station between the Angle and Trelaporte 
{opposite station Q of the year 1844, see Eighth Letter), it 
■was only 273 inches, the ice being also remarkably clean and 
■white, and the distance from the western bank of the glacier 
553 feet. 

The subsidence of the glacier in its bed, or the difference 
between the geometrical depression of the surface and the 
ablation, was very easUy and most accurately obtained in the 
following manner : — The theodolite being placed and levelled on 
the ice in the neighbourhood of the place of observation (not 
necessarily always on the same spot), the height of the horizontal 
wire of the telescope above the horizontal hole pierced in the 
side of the crevasse was noted by directing the level upon a 
measuring tape divided into feet and inches [held vertically by 
an assistant], the ring at the extremity of which was passed over 
the boring instrument, which was then firmly adjusted in the 
horizontal hole. The reading at the telescope gave the height of 
the eye at the moment above the bole in question. The level 
■was then directed against a fixed object on the morune, where 
, cross had been cut in a stone as a point of departure for tlie 
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vertical height. The height of the eye aboTe or below the fixed 
point was measured, and the sum or the difierence (as the case 
might be) of this measure and the last gives the difierence of the 
level of the horizontal hole in the ice, and the mark on the 
moraine. The following may serve as an example : — 

Station U, kear Montanvert. 



1816. Aag. 1, ^lL, TM. Avg. S, 6 r jl 



Horizontal hole G below A. B,* 

C below Theodolite, . 
Cross (+) U below Theodolite, 

C below (+)U . 



Ft In. 
9 3*3 


Ft In. 
8 70 


12 7-2 
2 38 


11 9 8 
1 5 


10 3 4 


10 4 8 



8*3 inches ^» abkition. 



1 *4 inches = subgidenee. 



I 



Of course the horizontal hole may be renewed as often as 
convenient, all that is necessary being to ascertain the difierence 
of level of the old and new hole. 

In the preceding example (which has been selected by 
chance), the subsidence bears an unusually small proportion to the 
ablation. At the station in question, the average daily ablation 
in July and August was 3*62 inches, the average daily subsidence 
1'63 inches. The sum of the two, or the geometrical depres- 
sion of the surface 5*25 inches, whereof seven-tenths were pro- 
duced by ablation, three-tenths by subsidence. These relations, 
together with those opposite the old station Q, are shown in one 
view in the following table of 

Mean Results. 





Slope of 
Soitace. 


DaUy Pro- 
gression. 


Daily 
Ablation. 


Daily Sub- 
sidence. 


Geometr. 
Depression. 


Proporti( 
Ablation. 


m. due to 
Subsid. 


Station U. 
Station Q. 


• • • 

20 1 


Inches. 
18-7t 

21-2 


Inch. 
3-62 

2-78 


Inch. 
1-63 

0-97 


Inch. 
525 

3-70 


•69 
•74 


•81 
•26 



The last two columns show the effects of the ablation and 
subsidence in hundredth parts of the whole depression. 

• See Plate VI. fig. 1. 

f Taken from the obseryation of the neigVxbouimg idax^ D*%. 
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Ab we do not know correctly tiie slope of the bottom or 
bed of the glacier, it is impossible to estimate how much of the 
subsidence is owing to the declivity. It is probable, however, 
that the greater part of it may be thus accounted for. The 
amount of geometrical depression agrees well with that ascer- 
tained by me in 1842, at the Angle, which is in a position in- 
termediate between the stations TJ and Q, but nearest to Q. 
During the height of snmmer, x. e., from the 26th June to the 
28th July, the daily depression was 4'1 inches.* 

Relative Velocity of the Surface and Bottom of a Glacier. 

The influence of the sides or walls of a glacier in retarding 
its motion laterally, was demonstrated by my first observations 
in June 1842 ; and the same cause might well be presumed to 
influence the motion of the ice in a vertical plane. That the 
superficial ice should onerflow that which presses on the bottom, 
aeema a simple corollary, from the fact that the centre of a 
glacier /ows past'iifi sides. Even admitting the irregularities 
of the bottom to be less than those of the lateral expansions 
and contractions of the valley, the enormous pressure on the bed 
must generate a friction proportionally great. Some persons 
have, however, found so much difficulty in conceiving the fact 
of vaying velocity in a vertical plane (notwithstanding the 
evident analogy of a river), that I was glad to take an unex- 
ceptionable opportunity of demonstrating it. 

I have already shown, at the close of my Sixth Letter, that 
the effect of friction in retarding the rate of motion must be 
most sensible nearly in contact with the soil ; and that when 

* Aa some niiinericBJ or tjpogrophical errors haTe elipped into tha Table of 
DepresBioaa of tlie Level of tlie Ice al the Angle in 1S42 (TruTelE, p. 154, 2d Bdh.), 
I take this opportunity of corrocting tLeio, afler a oarelHiI comparisoD witli mj 
note-boQ^B. Tbe obi>erv^d deproEHJDii from .Tune 26 to June 30 ought to be 1 fi. 
4-5 in., instead of 1 ft. 90 in, ; mid the daily depresaioa ehould be the following : — 
1842, June 26— Juno 30 . . . 4'1 inchei . 

June 30— July 4*09 i«.^^^^^^H 

July >j|^^^^^^l 

Aug. tt^^^^^^l 
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tite glacier is of great thickness, the upper part ol' it (to which 
alone we have access) may be expected to move iiniforraly or 
sensibly so, which accounts for the approximate vertioality of 
most crevasses, during the limited period of their existence.* It 
ie, therefore, near the contact of a glacier with the subjacent 
soil, that4he most sensible effect may he looked for. The cir- 
cumstances which first suggested themselves to me as the moat 
favourable for such an observation, were where a glacier emerg- 
ing from a gorge, or from between a double mound of its own 
formation, falls into a valley, and presents, for some space, lateral 
faces of ice, not, indeed, quite vertical, but atill very highly in- 
clined, and which repose immediately on a bed of rubbish, which, 
if not flat, but sloping somewhat towards the centre of the glacier, 
might be considered, beyond cavil, as the floor or bed on which 
it rests. But a careful examination of several glaciers with a 
view to such an experiment convinced me that, even if succese- 
fij, it would not be conclusive. For it almost invariably hap- 
pens, imder these circumstances, that the glacier being no longer 
confined laterally, tends to scale off by means of fissures parallel 
to its length (as hi Plate VI, fig, 2) ; and even if these fissures 
do not give rise to a sensible eliding of the surfaces, they indicate 
the du-ection of the twist to which the ice is exposed by the more 
rapid motion of the centre. To avoid misapprehension, I here 
repeat that such a tendency to scale by means of longitudinal 
fissures, occurs only where lateral compression is wanting, and 
there, consequently, the veined structure is always feebly de- 
veloped. 

I succeeded, however (though not without difficulty), in 
establishing points of observation in the terminal face of the 
Glacier des Bois, at Cliamouni, whose relative position will be 
understood from the sketch of a front view of the glacier, fig, 
3, and from the vertical section parallel to the length of the 
glacier in fig. 4. It will be seen by fig, 3, that whilst the 
lateral parts of the glacier were fissured and scaly, in conse- 
quence of the action described in the last paragraph, the central 
• fSco page 55 above,] 
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^H maes WAS exceedingly compact and unifonn. The teiiuiiiol b 
^^K of compact ice waa iii<:liiied, at the point selected for «xpcn- 
^^M meat, at an angle of about 40° to the horizon, and the three 
^^M stations (1), (2), (3), were selected one above the other in a 
^H vertical plane passing through this Face in a direction whicii 
^H was judged to be nearly that of the progreSEive motion of tlie 
^H ice. Any variation in the motion of these three points coold 
^H only be imputed to the effect of the friction of the soil, for bj 
^H the progress of the glacier each would pass in succession rerti- 
^^ cally over the same spot. The position was also unexcep- 
tionable in this respect, that the glacier is here subject to no 
extraordinary constraint. The sides are free, and the base 

I rests on a bed of rubbish and debris nearly flat, therefore 
offering no fixed barrier to the forward motion of the ice ; the 
retardation, if it exist, can only, therefore, be due to the legiti- 
mate effect of friction. The glacier, too, is here seen from top 
to bottom, for the contact with the soil is only concealed by 
the trifling mound of rubbish not many feet in height, shewn 
at M in fig. 4, which it presses before it ; the gravel between 
M and X being flat, and untouched by the glacier for many 
years. The lowest mark (I) was estiruated at not less than 4 
feet, and not exceeding 12 feet from the real base or soO of 
the glacier. The mark (2) was 46 feet vertically above (1), 

■ and No. (3) was 89 feet vertically above No, (2). From the 
analogy of the lateral Iriction of glaciers, and from the phe- 
nomena of rivers, it was anticipated that the retardation of (l) 
upon (2), and of (2) upon (3), would be Bensible, but that the 
former would be greatest, which the results confirm. 

The progress of each point, as well in direction as in 
amount, was rigorously determined by a trigonometrical pro- 
cess, reference being had to two fixed stations, one of which 
S, seen in fig. 4, was in the original plane of the points ob- 
served, the other was 75'525 feet distant to the right hand 
[in] fig. 3. The choice of stations was limited by the peculiar 
local circnmstances, and was not otherwise the most desirable. 
S'Jie continaa] fall of blocks w'hw^ \ioMniei 'Nxfe g'cesw^. ~s(^»«3i;4 
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from the tenninal face of the glacier, rendered it necessary to 
Consult the safety of the observer and the instrument ; and in 
order to plant and maintain the wooden pins which marked 
the points (1), (2), (3), it was necessary to commence by 
laboriously removing the blocks and rubbish from the surface 
of the glacier above, whose fall would at every instant have 
threatened the safety and even the lives of my assistants. 
Two men were laboriously employed for some hours at this 
task. 

Circumstances prevented me from pursuing these observa- 
"tions for more than five days, which was to be regretted ; but, 
in this time, ample evidence was obtained of the existence 
€uid amount of the effect of friction in retarding the lower 
ice. Less than 50 feet of thickness between Nos. (1) and (2) 
corresponded to an apparent acceleration of nearly half the 
"Tnotion at the lower point. The ratios of the motion at (1) and 
(2) were, by three independent sets of observations, 
1:1-41 ... 1:1-50 ... 1:1-49 
the acceleration of (3) upon (2) was (as anticipated) less con- 
siderable, and also more difiScult of correct estimation, owing to 
the greater horizontal distance,* but the following results appear 
to be worthy of confidence. 

a) (2) (3) 

Ft. n. Ft. 

Motion from the 13th Aug., 11 a.m. to'^j,,^.- ...^ , ^^ 



18th Aug., 3 P.M. 



:}'■' 



Ratios 1-00 2-46 162 

Angle (p) made by the motion with 

the direction of X . . . 5°-0 8'-3 10°-1 

The three points being approximately, 8, 54, and 143 feet above 
the bed or floor of the glacier. 

These results have been computed by the following formulae, 
which may be useful to those desirous of repeating the observa- 
tions: — 

Let X and x be the two trigonometrical stations froi 

* The horizontal dJ^tances of tbe points (1), (2), (3), from X were^ 
meDcement of the ofewrvations, 95-79, 138*0, and 24fr^ ie^t. 
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the motion of the points (l), (2), (3), are observed. Let 6 he 
the angle irnder which X and x are seen from one of these points. 
Let p he the linear transversal movement of the point as seen 
from S (deduced from the apparent angular motion and the 
known distance of X). Let q be the similar quantity with 
respect to x, which will have the same or contrary sign withj?, 
as the apparent intrtion from the two stations is in the same or 
in contrary directions. Then the totiil motion of the point ob- 
served (which is assumed to be small relatively to the dimen- 
sions of the triangle which has X, x, for two of its comers) 
will be 

r = y/g^ + (2 cotan s — p cosec t)'' 
and the angle (p) of the direction of motion with the visual line 
through X, is found by this equation , , 



I ahall take the liberty of addressing you again, as to the 
farther observations which I have been able to make, in another 
letter. — I remain, etc. 



Largs, Ayrshire, IGlh Sept. ]8i6. 



TWELFTH LETTER ON GLACIERS. 

to Professor Jameson.* 



ed^H 



Oa the Eztrnorilmarj locrease of tbe Qlulier of LaBronva from Ig42 to 184G — 
Its Motion in Winter, aa observeii by M. tioicLardn — ObaervatioBB on the 
Veined Stnictnre in 1846, and Erpmraeiifum Cracit reapticting its Origin — 
with mcasurembnla of the motion of the Ice — Analag; Irom the motion of 
the Hhone. 

My Dear Sib — In continuation of the results of my recent 
journey, of which I communicated a part in my Eleventh 
Letter, I shall first give some account of the phenomena 
observed on a fresh visit to the glacier of La Brenva, on the 



* E*ad to tbe Rojsl Society of Edinburgh, 7tb December 1 
, PhiloBopbical Journal for Jnnnaty 1847. 
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I aide of Mont Blanc. Ilaviug undertaken the journey 
KOhsmouni to Conrmayeur and back, for tlie sole purpose 
V this glacier and that of Miage (of which I 
already given a full account in the tenth chapter of my 
• in the Al^ cf Saooy, etc.), I thought myself fortunate 
; some important and unexpected observations, aa 
I in again meeting M. Carrel, canon of Aoste, who, in 
my with M, L'Egliso, canon of the Oreat St. Bernard, 
hMndlymade a visit to Courmayeur, on purpose to join me, 
■idterwards accompanied me upon the glaciers. 
Upon arriving opposite to the glacier of La Brenva, on the 
1 August last, in descending from the Col de la Seigne, I 
was first struck by the surprising extension of vohirac which 
since my last visit in 1842. This will be 
nnderstood by a comparison of the limit of the glacier in 1842, 
as sketched in the plan No. II., opposite to page 193 of the first 
edition of my Travels, and reproduced in Plate VIII., fig. 1, 
accompanying tliis paper, and the line of its extension in 1846, 
marked by a dotted line in the same figure. I wish it to be 
understood that the sketches in question, being only taken by 
the eye, have no pretension to exact accurai^y, but fortunately 
the land-marks are sufficiently distinct to prevent the least 
dubiety. Thus, for example, the bay or hollow opposite to 
C in the sketch, and which was drawn, in 1842, as filled with 
the old moraine of 1818, was filled up with ice very nearly, if 
not quite, to the level of that moraine, so as to follow the natural 
curve of the soil, which it everywhere touched, presenting a 
steep waJl of nearly unbroken ice, 70 feet in height, facing the 
bank. Again, opposite to the remarkable chapel of N3tre 
Dame de la Guirison, of which I have given an account in my ' 
Travels, with the history of its invasion and ruin by the proJ ' 
gresR of the ice in 1818, the ice has risen against the projecting 
rock, beneath the old larch tree (seen in Plate IV, of my Tra- 
vels, and in Plate VII., fig, 1, accompanying this paper), and 
seems to threaten the security of the path, in the same manner 
as it did at that time. " The height of tWa totV'' \ ftXs^'w^ \ft. J 
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1842, " 13 now about 300 feet;" in August 1846 it was scarcely 
more than 100 1 and &s the glacier towered up to a great 
height beyond, it had all the appearance of menacing the path- 
way, and once more tearing up the limestone rock. But this 
will he still more dLstinctiy conceived by referring to Plate VII., 
figures 1 and 2, which shew the size of the glacier in 1846, 
contrasted with the view of 1842. Both these sketchoa were 
taken Irom the same spot (marked A on the ground-plan), and 
as I had not on the latter occasion my former drawing for 
comparison, the evidence of the increase ia the more striking, 
and the accuracy of outline of the fixed parts of the landscape 
is confirmed. The increase of height and length of the glacier, 
as well as its breadth, is here well marked. In consequence 
of this great accumulation of ice (accompanied, probably, by 
an increased velocity of motion), the surface of the glacier is 
exceedingly crevassed, in some places even divided into pin- 
nacles, and, generally, incapable of being traversed without 
great difficulty, although, in 1842, I could have walked over it 
in almost every direction. 

The cause of this very surprising increase is a general 
one, since most of the glaciers which have been recently ex- 
amined, present it in a more or less striking degree ; for 
instance, the Glaciers des Bois and Bossons, in the valley of 
Chamouni.* The cause is no doubt to be sought partly in the 
great fall of snow of the two winters 1843-4 and 1844-5, and 
the cold wet summers which followed them. The immediate 
effect of the snow ia to protect the ice and diminish the aimual 
ablation. Hence the glacier shoots farther into the valley 
before the waste suffices to equalize the supply. In the cold 
spring and summer of 1845, this effect appears to have been 
most conspicuous, as appears from the decisive observations 
of Balmat, which I have elsewhere pubhshed-t The swollen 

* A very striking evidonce of tliis change baa occurred at ChamoDni. The 
torrent ArTeiron, iintead of isBoing from beneath the bed of the Glacier dea Bma, 
At its termination, cecapes chieflj at a much higher level, and formed, in 1846, ■ 
striking cascade on the west side of the glacier, nearly opposilfl to the Ch*{i«aD. 
A similar occnrreiice is siud to have happened about SO jeara »go. 

f PbiloBopbical TrfengBcttone, 1846, [pp. 189, ISOJ, [and pp. 134, 136, ol 
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condition of the Mer de Glace of Chamouni io 1846 was I 
shewn by the fact, that, in spite of the intense and continued ] 
teat, it was much higher opposite to the Angle in the middls | 
of August, than it was in June 1842, most of the marki I 
which I then made, for the purpose of estimating the progress J 
of the glacier, being covered by the moraine at the latter j 
period. The extremity of all the glaciers of which I have ' 
obtained information, was advancing towards the valley during 
the summer of 1846 ; and this was even accelerated by the gi'cat 
heat of the season. For though it roust increase the ablation 
of the surface, and the melting of the terminal face, and thus i 
diminish the mass of ice, its immediate effect is to fuse the I 
S^acier into a state of pliancy, such as to increase its motion in I 
**■ very perceptible manner (as I have established by direct I 
Experiment), and thus discharging its icy burden into the valley 
Foster than even the increased atmospheric heat is capable of 
'dissolving it, it spreads with a velocity which, if it could 
^opposed continual, could not fail to be alarming. Thus it 
appears, from certain observations made at the desire of M. i 
'— ai-rel, by M. Guicharda, vicar at Courmayeur, that the anout | 
^^ extremity of the glacier of La Brenva, haa protruded into 
^te valley no less than 22 metres, or about 60 [70] feet during 
*»ie two months of summer, being at the rate of a ^i 
■*^U€ result of this advance is, that the glacier is rapidly attaining 
'■Qe old moraine of 1818 in the bottom of the valley, from j 
^hich it is now only about 100 yards distant (see the plan, 
"late VIII. fig. 1), whilst it is tearing or ploughing up the soil 1 
^>l the southern bant, marked in Plate VII. fig. 2, on the left- J 
•^and side. 

The same gentleman, M. Guicharda, has himself made, with J 
Considerable labour, observations intended to test the reality of ' 
*he movement of the glacier during winter, which confirm, in 
^Very particular, those which I have already published regarding 
*'Oe glaciers of Chamoimi. The movement appears to be very 
**gular ; but, from the position selected for the measurement ■ 
'the terminal face of the glacier), where the friction is mostj 
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^H intenae, and the movement slow (see Eleventh Letter), and 

^H where the danger from falling stones is uuch as absolalfly (u 

^H prevent the continuance of observatioiiB during summer, tLe; 

^H are lexa comparable and complete than would otherwise hafe 

^H been -the case. Having explained fully to MM. Carrel and 

^H Guicharda my methods of observing, and pointed out a mere 

^H convenient site, we may hope that we shall have a continuons 

series of trustworthy observations of this most interesting gluciet. 

In the meantime I pubhsh, with M. Carrel's permission, ike 

degree of motion of a stake fixed in the ice, near the lowest 

^L extremity of the glacier, and little elevated above the soil. 



Nov. 28, 
Dec. 1, 
Dec. 11, 



h. Hasina, DtS; Uctm 

li 0-42 raetree. 0'13 



li 0-3 
12| M27 



11, 12f to Jai 



I 

I 



30, 12 



llf 1-735 



Feb. 9, 12 1-5 



0-13 

0-113 



0-075 
0'15 



O'lO 



M-ar. 21, 1 to April 2, 10 MS 

The mean daily motion is about 5 English inches, and it 
is probable, from the discrepancy of the 5th and 6th observB- 
tions, that the measurement of the 30th January waa faulty. 
If this be so, the general uniformity, as well aa smallness of 
the motion, is accounted for by the important retardation due to 
friction.* 

In the absence of an exact geometrical plan of the glacier, 
it was important to preserve some accurate record of its exten- 
sion at the time of my visit in August 1846, which was done 
in the following manner : — The theodolite stationed at the point 
B, Plate VIII, figs. 1 and 4, that is, on a promontory of limestone 
a little to the west of the chapel of Notre Dame, and close to 
the path from Courmayeur to the AUee Blanche. It is also 57 

* II ia to be noted, that tlie advanco of the gjacier of 60 [70] feet in two 
months, roentioiiiMl In page 179, in not the moKon of a point in tbe ice, hat the pro- 
, of thp frnnt of the glacier after the effecl 'In.' In melting han been dednelrd. 
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feet to the eastward of the old larch Been in the views, Plate VII. 

From this point, then (which cannot readily be mistaken), the 
telescope of the theodolite was directed upon the steeple of the 
little church of Enti-eves, the azimuth marked (286^^, and the 
telescope was exactly levelled. It was then turned in azimuth 
5 out the horizontal plane), until it cut the contour of the 
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glacier of La Brenva, which was at an azimuth of 184J°. Tlie 
<lifference of azimuth 101j°, It is plain that if the glacier 
advances bodily into the valley, this angle will diminish ; if it 
*etreata, the angle will incre^e. Farther, from the same station, 
B, the elevation of the highest part of the front of the glacier, 
where it crosses the valley, was 1 1° 37'. To fix the position of the 
lowest point of the glacier in the valley, a line joining the vault of 
ice from which the river Doire issues, and the donr of the chapel 
of Notre Dame (observed from below), runs S. 42° W. magnetic. 
On the whole, the observations of this year on the sur- 
prising extension of this glacier during the short space of four 
years under the influence of meteorological circumstances, pecu- 
liar, no doubt, but scarcely anomalous, confirm amply the 
remarks which I formerly made (Travels, p. 205), on the great 
extension which it underwent in 1818. Were the climate of 
the years 1844 and 1845 to become permanent, the increase of 
all glaciers would evidently be enormous. In fact, a more 
turhid and cloudy atmosphere, with an increase of the usual 
precipitationB, would suffice to increase glaciers to almost any 
extent ; a great degree of dry cold would not produce the 
desired effect (viz., an extension which would account for the 
erratic phenomenon), a temperate climate being most favourable 
to the growth, especially the progression, of glaciers. 
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^^p Veined Structure. Glacier of La Brenva. 

^H I must now proceed to notice an observation of a vei; 

^H interesting kind wUch my visit of 1846 to this glacier enalled 

^H me to make, and which seems perfectly conclusive as to the 

^H truth of the explanation which I have elsewhere given of Ik 

^H origin of the veined structure, so important to the correct theory 

^H of glacier motion. The present appears to me to be an erpffi- 

^H mentum cruets ; I can only hope that it [the peculiarity in 

^H question] may remain in existence long enough to convince iH 

^H those who have any remaining doubts on the subject. 

^V The glacier of La Brenva is distinguished by the beauty of 

its structure. I have described it in my Travels, p. 202, aJid 

endeavoured to represent it in Plate V. of that work. This 

was as it existed in 1842. But now that the ice has risea up 

against the promontory B, Plate VIII. fig, 1 [of the present 

volume], and has filled up the bay C, the structure oppoBiteto 

B has become developed in the most remarkable and beautiiiii 

manner. The plates of green and white ice alternating in lie 

direction of the lines E D, not close to the foot of the rock »t 



^' 




B, but at a httle distance, the veins E D running in the direc- 
tion of the declivity of the glacier, and heginninff to be deve- 
loped at E, becoming more and more so towards D, where they 
form a tangent to a swelling surface of rock, whose resistance 
evidently gives rise to them. It seems clear that all the ice 
within the line F E D, or between it and the shore * C B D ib 
L Am^y^, as it were, and taa WV \\W\e tgo\!wci,\b. lOTsafcofMiwKe, 
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gf the intense pressure with which the whole mass of the glacier 
is urged against the aide of the valley ; but as the glacier i 
finally compelled to move in the direction of the declivity from 
E towards D, a longitudinal tearing force arises parallel to E D, 
and the motion is facilitated by the formation of the veined struc- 
ture already mentionedj for of loDgitudinal crevasaea there i 
lABolutely none. Such crevasfiea as there are, are transverse to 
the blue bands, shewing the usual direction of the tearing force 
due to the lateral friction. But they are small and isolated, 

Now, in this case, the development of the structure is evi- 
dently due to the projection at D, in contacst with which it 
tenninatea ; and though the whole glacier is more or lesa atruc- 
tured in the manner described and figured in my former work, 
this remarkable development gradually ceases [in an upward 
direction] about E, where the rush of the ice-current past the 
promontory B bas ceased to exert so palpable an effect. I can 
positively state that no such unusual development of the structure 
occurred opposite to E in 1842, and for this reason, that the glacier 
lying then more in the trough of the valley, not being violently 
pressed against the promontory B, and embayed in the height* 
C, the friction and longitudinal tearing force waa incomparably 
leas. I wish I could (;onvey any adequate idea of the beauty of 
the ice for an extent of some hundred feet in length, and for a 
comparatively trifling breadth between D and E. It resembled 
the greeniah-veined marble called by the Italians Oipollino, 
when of the highest perfection, and polished or wetted ; and it 
was impossible to resist the wish to carry off slabs, and to per- 
petuate it by hand specimens in cabinets, 

I did not, however, content myself with arguing the rela- 
tive motions of the parts of the ice and embaying of the rest, 
from the mere configuration of the ground. But I made the 
following experiments, which proved that my first belief was 
correct. 

The instrument [theodolite] being stationed at B [Plate 

VIII. fig. 4], and a transverse visual line established with reference 

• [Eriifenttj a miBprint for bight, which i» the word used in my originil noUa.] 
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1 object oil the farther side of the glacier, two vertical holes 

I were made at (1) and (2), the first on the nearer, the second on 4e 

p forther side of the remarkable veined structure ah-eady deecribed. 

If that structure was occasioned, as 1 suspected, by the rapidity 

I with which the farther portion of the ice was moved past the 

nearer portion, such difference of velocity might be expected to 

be observed in a marked manner. The mark (1) was about 60 

feet from the nearest edge of the glacier, and 103 feet below 

the station B. The mark (2) was about 170 feet farther and 

) feet higher. An approximate section of this part of the 

gla<;ier, together with the measurements on which it is founded, 

is given in Plate VIII. fig. 4, and wUI serve to compare the stats 

of matters at any future tune. The following table gives the 

result of the motions for two days :— 

MutioQ. 

Nu. (1.) No. (2.) 



1S46. 
August 8, 



Motiim for S4 houn. 
Nc..(i.) So.(2.1 



9iA 



5-7 



15-7fl 



5-26 



U-54 






27 



Means, 4-90 



14-2 



consequently the velocity of motion had increased in the space 
of 170 feet traversed by the veined structure, in the ratio of no 
less than 29 to 10. 

I also examined the condition of motion of the embayed 
ice in the position C on the ground-plan, of which a section 
(on a scale much larger than the hist) is given in fig. 3. It 
is made through the visual line, or in the direction C, C 2 of the 
plan [p. 182]. Two pins were fixed at C 1 by excavating a niche 
in the nearly vertical face of the ice ; one was placed vertically, 
the other horizontally. At C 2, 40 feet higher and 69 feet more 
distant, a vertical pin was placed. The diagonal from C to C 1 
was alBO accurately measured with a line. After more than 24 
hours' interval, it was found that the two marks at C 1 had not 
moved towards the right hand, or in the direction of motion of 
the glacier by the smallest pet-ceptthle quantity / and that [the] 
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mark C 2 bad advanced by only a small fraction of au inch 
(0'2) ; but on the other hand the vertical pin at C 1 had ap- 
proached the station C fty tu)o inchea ; shewing that the motion 
18 here entirely directed outwarda and upwards against the bank 
at C, exactly ae an hydrostatic pressure acting on a plastic tnasa 
would occasion. The result was the more interesting because 
it was altogether unexpected. It had not occurred to me that 
the embaying of the ice could be so complete ae to leave no 
appreciable effect due to the drag of the central ice in the direc- 
tion of the declivity. 

The precise analogy of the phenomena now described to 
what obtain when the motion of a stream of water is interrupted 
by lateral obstacles, will suggest itself to almost every one ; but 
to take an illustration which is not imaginary, I have given, in 
llie annexed figure, a sketch of what occurs in the course of 




tibe river Rhone at the bridge near Sierre. The course of the 4 
current is indicated by the arrows, the pier of the bridge b I 
embays the water at c, wliere it is whirled about hy the tan- 
gential action of the current, hut does not escape ; the wavy linoi, j 
e d, indicate the ripple produced by the friction of the central I 
past the lateral portions of the stream, the diuturbanco fi-om ] 
which is propagated towards the shore in the waves _/. All I 
that is here described may be still bettor soon in a sluKgish J 
stream, and if it be covered with any kind of scum, it will I 
torn up into longitudinal shreds between o and d, exactly t 
responding to the position of the icy bands. The nature ( 
the force producing these lines of scum Is ulitu well shown [ff 
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the rotatory motion acquired by any floating patches of foam, 
which is always in a direction forwards and towards the side of 
the etream to which it ie nearest ; thus, in the preceding figure, 
it would be in the direction of the hands of a watch. — I re- 



Edirburob, 24tli October 1846, 






XVI. THIRTEENTH LETTER ON GLACIE: 

Addressed to Professor Jamesoh.* 



AccelerstioQ of the Surface Motion of Glaciers confirmed — Velocity of the Mer de 
Ulaoe in the Snmtner of 1846 at Stations C, D, P, and H— Velocity of the 
Glacier o{ Talefre, near ita point of discharge^-DiscoTery of a Enap«sct t«n 
years buried in the Ice, and dEiiuotion of the motion — The Glacier of Nsnt 
Blanc visited, and its Motion determined — The Glacier of Miaga reTiaitail, and 
motion meaanred — On the Convoreion of the N4vS into Ice — Congelation of 
Infiltrated Water not necessary to ptodnce the Veined Structnre — An Attempt 
to eirplain the apparent rejection of Stones from the Glacier — Ridges of Ice in 
certain parta of Glaciers due to the braising effect of intense Pressure — Three 
Orders of discontinuity, Bidges, Crevasses, Veined Structure. 

My dear Sir — Since the completion of my Twelfth Letter, 
I have observed, in the Comptes Rmdm for 26th October, an 
account of a communication made to the Academy of Sciences 
by M. Martins, of an experiment on the relative motion of the 
surface and inferior part of a glacier, on which I have also made 
the experiments detailed in my Eleventh Letter (dated 16th 
September), and published on Ist October in The New Edin- 
burgh Philosophical Journal. My experiments, it will be recol- 
lected, were made at three points of the terminal Jhce of the 
Glacier des Bois, and proved, aa I had long ago anticipated, that 
the superficial ice has by much the most rapid motion. MM. 
DollfusB and Martins arrive at the same result, establishing the 
desired identity with the motion of rivers ; but their experiment 
being made, not on the terminal Jhce, but only on the steep 

* Bead before the Rcyal Society of Edinburgh, Slat December 1846. Published 
in Edinbui^h Philosophical Journal, January 1847'. 
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Z^teralface of a glftcier, is open to the possible objections which 
X anticipated in my former letter, and which I carefully endea- 
-s?-oured to avoid (see p. 173 of the Eleventh Letter, and fig. 2 of 
I'late VI.), 80 that even the moat Bcrupulous might he, if p 
^»atisfied. It is pleasing to me to find that the French ohBcrvers 
<:sorroborate my result ; but I must remark that they obtained it a 
fVrtnight later, and my publication preceded theirs nearly a month. 
I shall not seem to insist too much upon the conclusiveness 
«z3f this observation, when it is recollected that an opponent of 
■fche Viscous Theory has virtually staked the question of the cause 
of glacier motion upon such an experiment (notwithstanding that 
I think he has attached to it an undue importance), in the fol- 
lowing passage : — 

" * * The claims of the two theories (the sliding theory 
-and that of plastic motion) will undoubtedly be determined by 
other means. The observations required are such as shall de- 
"termine, as far as possible, the motions of the upper and lower 
surfaces of a glacier. We may never hope to have access to the 
Tsottom of a glacier in its deeper portions, but at the extremities 
of glaciers the amount of sliding may easily be ascertained, as 
well as at many other points, probably, if sought for, along their 
flanks ; fissures also, of considerable depth, are not unfrequently 
met with, iii which the deviation from verticality, if it exist, 
might be easily determined ; and though the evidence thus ob- 
tained might not afford positive demonstration with respect to 
the deepest portions of a glacier, still, should it all concur in 
riiowing an approximate equality in the motions of the upper and 
lower surfaces, every candid and impartial mind must admit, I 
conceive, the sliding in preference to the viscous theory; but if, 
on the contrary, it should be proved that the velocity of the 
upper bears a large ratio to that of the lower surface, the (-laims 
of the latter theory must be at once admitted."* It is very 
fortunate that independent observers on difl'erent glaciers should 
have arrived, in ignorance of each other's results, at conclusions 
Kffhich permit only the alternative favourable to the viscous 
* Mr. HopkiiiB, in London FhiloftopMca] Magazine, Mnrcb JS4fi, p. SSD. 
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leory to be adopted ; the observations baving been made, 
me at " the extremity," the other " along the flanlra, 
■gueted in this passage. 

I shall now proceed to cooclude the account of the most 

laterial observations which I had an opportunity of making laat 
■Buminer ; and those which remain refer chiefly to three points i 
I (1.) The rate of motion of glaciers generally, and especially 
I during the summer of 1846 ; and, (2.) To the conversion of the 
I Nh}6 into the icy condition ; (3.) As to the apparent ejection of 
I'Stones npon the surface. ^_ 

(1.) Rate8 of Motion. ^H 

A. At points previously obserced. 

It is very interesting to compare the Annual motion of 
glaciers in different years, and also the comparative motions of 
a given point, at the same season, in different years. I have 
obtained several such results on the Mer de Glace of Chamouni, 
all of which tend to show a marked increase of the rates of mo- 
tion during the two years which have elapsed since my last 
measures were made. 

Thus, at station 0, the I^erre Platte, opposite to the pro- 
montory of Tacul,* from the 19th August 1844, to 2l8t July 
1846 (701 days), the advance was 622 feet, or 10-65 inches 
daily. 

The following little Table shews the relation of this to 
former years : — 





lB«-3.+ 


1B13-I.t 


""■ 


Daily Motion in Ibcheh, 
Annaal Motion in Fhet, . 


8-56 
260'4 


9-47 


10-65 
328-S 



f 



The mean velocity was, therefore, about a fourth 
greater in 1845-6 than in 1843-4. 

The following Table shews the daily motion, in inches, of 
* See TravelB in the Alps, 2d Edition, pji. 92 nnd 1S5, and Hap annexed. 
f [The numWrs for 1842-3 and 1S43-4 wore inndrertciitly tnuitipoBed in the 
Lformer impresBiUD.] 
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SL series of transverse stations nearly opposite to the Montan- 
vert, and marked with the numbers D 2, D 5, D 6, D 3, since 
't.liQ commencement of my ohaervations.* Tlie first in order 
iwas about 100 yards from the weKtem shore, D 5, was 130 
yards farther, D 6 was 75 yards farther, and on the axis of 
tlie " dirt-bauds ; " D 3 was 60 yards farther, near the medial 

moraiae, and ahout 350 yards from the eastern side of the 

glacier. 






UEAN 


DAILY M0T1OS8. 






US, D6, 


I,.. 


1842, Aog. 1-9, 
IMS, Sept. 11-13. . 
1844, Ang. 17-22. . 
1846, Jnlj 23-AiiB. 3, . 


Inch, Inch. 
16'6 24-7 

le-u 

]7'4 23-3 
18-7 25-4 


Inch. Incb. 

1 
23 7 1 23-9 
26-8 1 26-5 1 



RELATIVE DAILY MOT 


osB, D 2 


BEING - 


'• 




P». 


us. 


v.. 


... 


1842, . 


1-000 


1'332 


1'35S 


1-367 


1844, 


1-000 


r339 


i'3e2 


1-374 


1846, . . 


rooo 


l'358t 


l«Si 


1-417 J 



It will bo seen that both the absolute and relative motions 
"Vere markedly greater in 1846 than in the previous years ; 
*iiid that this also agrees with the annual motions at station C 
^'ven above. 

A block, on the ice opposite Lea Fonts (between Montanr 
^ert and the Angle), marked with the letter P on the 18th 
September 1843, moved 486 feet from that date to 9th- 
August 1844 (or 331 days), being 17-62 inches daily, or 5.^6 
^eet annually. The same block, re-examined on the 16th July 
1846, had moved 776 feet since the 9th August 1844, or only 



■ TtbtbIb, 2d Edition, pp. 137-1 

t From 25th July to 3d Anguat only. 
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13'2 inches daily, or 402 feet annually. The retardation must 
be attributed to the block having been thrown almost upon the 
as happened to the bloek D 7 under similar circum- 
stanceB.* To avoid such a mischance again, I marked the 
position of a fine block now near the centre of the Mf r de 
Glace opposite to L&a Pants. It was painted with the letter 
V on both sides, and its position determined with reference to 
a point on the pathway between the two Fonts, to which it 
was exactly opposite on the 30th July 1846, when the observa- 
tions were made. The mark is a croea with the letter V on a 
small granite block solidly placed on the left of the pathway. 
The block on the ice ie 760 feet dist-ant from the west shore. 

By reference to my Eighth Letter, published in this 
Journal, and to the fuller details iii the London Philosophical 
Transactions for 1846, on the Plasticity of Glacier Ice, it will 
be recollected that I made observations at a station marked Q 
between the Angle and Trelaporte.f This station was 300 feet 
from the west moraine. The following observations were made 
last summer in the same part of the glacier, at a distance of 553 
feet from the moraine : — 



Dsilj Motion. 



July 23-Jnly 30, 
JqIj 30— Aag. 3, 
Ang. 3— Ang. 14, 



A very fine block of granite, marked R in oil paint on thr^e 
sides, about the same distance as Q from the west moraine (300 
feet), had its position fixed on the 26th August 1844, and was 
found this year to have moved in 693 days, to 20th July 1846, 
1108 feet, or at the rate of no less than 19'2 inches daily, or 
533'6 feet annually, a remarkably rapid motion, but which was 
carefully verified by two concordant measures. The rate of 
motion of this block (engaged as it was in the great crevasses 
near the Angle), from the 23d to the 30th July 1846, was 11 
feet 4'5 inches, or 20'7 inches daily. 



• See Fiftli Letter o 
t [See pRge 103 »l)Ove, ■□< 



I Qlaciera fp. 36 above.] 
tbe sketdh map in Plate TH.] 
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B. At points not hefi>re observed. ^^^H 

I had long wished to ascertain the motion of the ice, which 
issues from the very remarkable basin-shaped glacier of Talefre. 
That an oval circus or amphitheatre, whose length may be 
roughly stated at 4000 yards, its breadth at 2000, entirely filled 
with snow and ice (excepting the rocky island of the Jardin), 
Bhould disgorge iteelf by an icy stream through a chasm less 
than 700 yards wide in its broadest part, appears to me, as I 
have elsewhere stated at large,* a plain demonstration of the 
viscous theory of glaciers ; the outlet in this case acting pre- 
cisely as a stream does to a lake of indefinite extent, as a mere 
overflow, or trop-plein, a fact only consistent with the quasi- 
fluid motion of the mass so discharged. 

The great distance of the Talefre from habitable spots renders 
it inconvenient for prolonged experiments ; but having last sum- 
mer twice spent the greater part of a day in its neighbourhood, I 
have been enabled to determine with exactness its rate of motion. 

The part which I selected for experiment will be under- 
stood from the little portion of a map contained in Plate VIII, 
fig. 2, on the same scale as my large map of the Mer de Glace. 
The station marked W, near the foot of the Aiguille du Moine, 
ia a considerable block of granite, a few yards to the left of the 
usual pathway ascendiug to the Jardin ; and my point of obser- 
vation was permanently marked (as usual) by a cross cut in the 
top of the stone, and painted red with oil colour, and the 
letter W by its side. It ia not many minutes' walk short 
of the spot where travellers bound for the Jardin usu^y 
enter on the glacier of Talefre. Hence it will, I hope, be easily 
recovered. It is about 8700 feet above the sea. From it my 
mark on the Tacul (station B of my map) could bo distinctly 
seen with the telescope ; and a transverse line across the glacier 
of Talefre, in which marks were placed on the 24th July 1846, 
made an angle, with the direction of B, equal to 98° 30', The 
* Landon Philiisophica! Magazme, Mair 1845, page 416. Compare the map of 
the Mer lie Gliujc in Tramli in the Alps of Savoy. Tbe outlet or the glacier u 
Plate VITI. fig. a, accompanying the preaent paper. 
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position of this line of stations is shown distinctly in the small 
map. It will be seen that it was near the spot where the con- 
traction of the gorge and the icy stream was greatest, in fact, 
in the throat of the funnel. The inclination or slope of the 
glacier in the direction of its motion was inconsiderable, espe- 
cially near the centre and the southern side ; and the transverse 
crevasses, which are here just beginning to be numerous, are 
evidently owing to the extended influence of the steep ice-fell, 
which is not many hundred feet in advance of the transverse 
line selected. The glacier of Talefi'e, higher up, is remarkably 
compact and united ; the crevasses few and inconsiderable, par- 
ticularly on the northern side. The crevasses, as they present 
themselves, are convex towards the origin or basin of tlie glacier, 
and are here, as in other cases, perpendicular to the veined 
structure so far as developed, and which was quite correctly 
laid down in my map of 1842 ; the structural bands converging 
towards the outlet like filaments of water towards the contracted 
vein of a spout. The ciu^'ature of the crevasses (seen inplano) 
appeared to me to have a point of contrary flexure, as shewn 
in the drawing, dividing them into two loops. 

Three stations were selected, as shewn in the plan. The 
central one, marked (2.), was placed on the moraine descending 
from the Jardin, No. {!.), was nearly midway between it and 
the northern shore at station W. Here there ia a hollow in 
the 8m"l'ace of the glacier, which was thickly covered with snow 
in the end of July. At (2.) and (3.) the ice was quite bare 
and more level, but at the same time more crevassed,— the 
crevasses being remarkably well defined, narrow, rather deep, 
and rectilinear, or slightly curved, not uneven. No, (-3.) was 1068 
feet beyond (2.) No. {1.) was 533 feet northwards from No. 
(2.), and was 687 feet distant from the northern shore. These 
distances were ascertained partly by direct measurement, partly 
trigonometrical ly. These three points were fixed in the trans- 
verse visual line from W on the 24th July, by forming three 
perfectly round and vertical holes, no less than five feet deep, 
ty means of an iron jumper. 
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Being examined od the 31st July, after a lapse of six days 
and seveuteen hours, the motions were found to liave been— 

No. (I.) No. (2.) No. (3.) 

Ft. In. Fl. In. Ft. In. 

..July 24, 5 P.M., to July 31, 10 A.M. 7 2-5 8 9-0 7 2-S 

Or daily in inchf.s . . 129 15-7 12-9 

By sl remarkable coincidence, the Ist and 3d stations had been 
ao Bymmetrically chosen, as to have precisely the same velocity. 
The middle point, as usual, moved fastesf. 

This velocity will be considered to be large when we recollect 
the great height of the glacier above the sea, and the small incli- 
n&tion of its surface at this place. On the other hand, it is a 
natural consequence of the theory which regards this narrow 
oatlet as the ovei-flow of a vast reservoir, in which snow has 
peculiar facility in accumulating.* 

1 shall now mention a truly remarkable circumstance connected 
with the velocity of the discbarge of the icy stream which empties 
the basin of Talefre, I was apprised by David Couttet, on the 
23d July last, on liis return from looking for crystals on the 
moraines of the Glacier of Talefre, that he had found opposite 
to Les Egrakts (see the map), or where the ice of the Talefre 
joins the Glacier de Lechaud, some fragments of a knapsack 
lying on the ice, which he at once recognised to be the same 
as had been lost by a guide some years before, who fell into a 
crevasse, where he had nearly perished, in conducting a traveller 
to the Jardiii, Couttet rightly believed that the determination 
of the motion of the ice in the interval, since tlie loss of the 
knapsack, would be a matter of interest to me. 

At the same time, the seeming improbability of recovering 
BO destructible a material as a bag or knapsack, made of cloth, 
after remaining for ten years in the bowels of a glacier, was so 
great as to make me resolve to investigate the matter thoroughly 
whilst on the spot. 

The next day 1 went to the Glacier of Talefre, accompanied 

• [And, perhaps, it might be addpd, of the prn^iiinilj of ihe ice-fall in front, 
diminisliing the fronlnl resietunce,] 
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by Couttet, Balmat, and another, and Couttet led U8 straight 
to the epot marked in the small map (Plate VIII. fig. 2), with 
the worda " knapaack found," a little higher up than where the 
usual path to the Jardin by the ascent of " Les Egralets," leade 
from the ice to the ascent of the rock on the left.. Just where 
the ice of the Talefre incorporates itself with that of Lechandj 
and at the diatance of 158 feet from the face of rock which 
bounds the glacier, we found Bcveral fragments of strong hlue 
and wliite cotton stuff (now shown to the Society) very much 
worn by firiction, but by no means rotten, and not discoloured, 
with portions of very strong straps and loops partly attached to 
it of figured tape, which had formed the attachments and shoulder 
straps (bretellea) of the knapsack. Beside them were pieces (or 
a piece) of bottle glass, Balmat immediately confirmed Couttet's 
recollection of them as parts of the identical bag lost by Jullien 
Devouaasou ten years before. 

Now, to explain how Couttet and Balmat were in a positioa 
to apeak so positively to the identity of the fragments, I mOBt 
observe, that Couttet was then, and has been ever since, leasee 
of the pavilion at Montanvert, and that the knapsack in question 
was his property, and was left at the Montanvert, for the expreas 
purpose of carrying provisions for travellers, who then, much more 
rarely than at present, visited the Jardin. Auguste Balmat, my 
guide, was at that time servant to David Couttet, and kept the 
pavilion under him, and had very often carried on his back this 
very knapsack. The figured sti'ipe of green and purple on tlie 
shoulder straps was very marked, and could not easily be mis- 
taken. The testimony of these two men was therefore per- 
fectly authentic, but I verified it by questioning the very Jullien 
Michel Devoiiassou himself, who is still a guide at Chamouni, 
and who, on seeing the fragments, offered to verify them upou 
oath. The accident occurred thus: — On the 29th July 1836 
{or ten years all but five days from my recovering the frag- 
ments), Devouaasou accompanied a stranger to the Jardin, 
taking, as usual, the knapsack from the Montanvert, with a 
supply of bread, cheese, and wine. They arrived without acci- 
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dent St the top of the Couvercle, between the Aignille da Moine 
. and the Glacier du Taleire ; and when at the point marked in 
I 4e accompanying sketch with the words " Knapaack lost," tiie 

' gnide, to shorten the way, attempted to take an oblique course 
to the Jardin, instead of following the usual track on firm 
ground round the foot of the Aigiulle du Moine, and then turn- 
ing sharply to the right, so as to make the passage of the gla- 
cier as short as possible. The ice on which he ventured was 
partly covered with snow, as is almost always the case there in 
July, and near the edge it was also full of concealed fissures. 
Into one of these the guide suddenly dropped, leaving the 
aBtonished traveller alone in this wilderness of rocks and ice. 
After vainly calling to his guide and obtaining no answer, he 
left the place in despair, and returned to the Montanvert by the 
way he had corae. Devouassou, however, having reached the 
bottom of the crevasse but little hurt, managed, by the aid of 
hie pocket-knife, to cut steps in the walls of ice, and, finally, 
with great exertion and suffering, to raise himself to the sur- 
face, and make his escape, leaving behind him his knapsack, of 
which, of course, he had first disembarrassed himself. Astonish- 
ing fact ! that the yet undecayed vestiges, together with a part 
of even the very bottle which formed his burden, should be 
brought to light on the surface of the ice after ten years' fric- 
tion and onward movement ! I took pains to measure angles 
with my theodolite at each point, which enabled me to project 
them with tolerable accuracy on the map, aa shown in the 
Piste; and I ascertained by the barometer the difference of 
level of the two points, and also their elevation above the sea. 
^^H Heiglit aboTS 

^^^k the Sea. 

^H! English Feet. 

^^^apeack lost, Gkcier du TaJefre, 29tb Jul)' 1836, 8657 

^^KtaipGack found. Glacier du Lecband, 24lli July 1846, 7512 

^^H Difference of level, 1145 

^^Berizontal distance moved over, 4300 feet. 

^B Declivity, . . U" 55' 

^^L Annual motion, 430 feet. . 
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This motion harmoniees sufficiently well with the nmnbere 
found in page 193, if we allow for the acceleration manifestly 

due to tha rapid declivity which commences immediately below 
station W. 

This intereatiDg discovery forms a curious pendant to the 
history of De Saussure's ladder, believed to have been found 
in fragments opposite Trelaporte, aa fully detailed in my Travels, 
page 86 ; but this new case is much better uscertained in all 
its particulars. 

I may here mention, as the subject suggests it, another 
proof of the extraordinarily conservative power of the ice even 
upon the most seemingly destructible bodies. On the 20th July 
1846, 1 found on the surface of the ice at station Q (opposite the 
Glacier of Charmon), all within a few feet of each other, four of the 
small wooden pins which I had left there in making the expe- 
riments in August 1844, described in my Eighth Letter, tt 
quantity of the thin string, and pieces of the birch broom then 
used, and even a quantity of the loose straw which I used to 
wrap round my shoes in cold weather. These were neither 
decomposed nor blown away by the winds, nor had they fallen 
into any of the numerotis crevasses, but were lying on the sur- 
Jace of the glai;ier {a very different surface, of course from that 
on which they had really been left), as if they had been in use 
at most but a few weets before.* 

Glacier du Nant Blanc. — This is a small glacier descending 
from the foot of the Aiguille de Dru, exactly opposite the 
Montanvert. I visited it for the first time in 1846. Its form 



■ [From its close snalogj to the inBtances abore mentioned of the power of the 
gliLcter to preservo substances buried in its maBS, and In reBtore tbem fears later to 
open daj, I may here record a still more recent inalance : — On the SSlh September 
1842, I lost a geological barainer, haTing a very pptGliar shape, in a "monKn" of 
great depth, on the level part of the glacier de I'Lecband, oppoBite to the ice cascade 
of Tolefre. It was recovered in the summer of 1857 by Mr. Alfred WiUa at a point 
"not far below the Tsccl," and was at once recognised by Balmat, who accompanied 
him, and who wax with me when I lost it. Mr. Wills having kindlj shown me the 
hammer, 1 had no difficulty in bearing teatimony to its identity. Indeed, anticipat- 
ing its reoovery. 1 had made a sketch of it in the jonmal in which I recorded its 
Ions. I efanntd odd, that the iron nf the haraiDer was not runted, nor Ibe wood 
decked, .lanimrj' 1859.] 
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and poBitton will be understood from a reference to the general 
Map of the Mer de Glace. It is shaped somewhat like a tongue, 
and is ateep, without being much crevassed or very uneven, at 
least ill its middle region, where it is about 1000 feet broad, 
where cattle are every year compelled to travei-se it ; yet even 
there it has an inclination of 18° or 20° near its centre, - Tbia 
glacier tcrminateB at a considerable height above the Mer de 
Glace, and gives rise to the Nant Blanc, a torrent which gives 
its name to the glacier, and whose volume and appearance is 
subject to remarkable changes, depending upon the stato of the 
weather. It [the glacier] is supported on a vast pile of blocks 
which it has brought down, and which forms its moraine ; and 
whilst on the left bank the ice overhangs the moraine, on the 
right, the latter being elevated in a mound, forms a barrier to 
the former.* This glacier has a very small and crevassed nSvi, 
taking its origin amongst the rugged rocks between the Aiguilles 
of Dru and Bochard. The veined structure of the ice of the 
glacier is perfectly normal, exhibiting the parabolic loops with 
the frontal dip inwards. Its general form resembles that of the 
Glacier des Bossons. 

I stationed my theodolite on the northern moraine, and 
fixed a station towards the centi-e of the glacier, or rather on 
the axis of the structural bands, which usually intimates the 
point of swiftest motion. The inclination of the glacier was 
here, as already mentioned, 18° or 20°. Notwithstanding tliia 
great declivity, the mean motion from August 4 to August 16, 
was only 9'9 inches daily. 

Qlacier du Miage. — In order to complete here the observa- 
tions on the velocity of motion of different glaciers, 1 shall 
include those made also on the south side of Mont Blanc. I 
had intended to have made a considerable number of experi- 
ments on the remarkable Glacier du Miage, fully doseribod in 
my Travels, Chap. X., but I found it less suitable than I ex- 
pected. I renewed, however, my survey of all the middle 
region of the glacier ; and I ascertained the motion of ilM 
HP • [Sse Pkle VIII. fig. 6.) J 
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central port, between the two medial moraineB at its issue into 
the valley from between the coloaaal summita of the Aiguilles 
Rouges and Mont Broglia ; in fact, at a point near the letter t 
of the word " Glacier " on the eye-sketch of a ground-plan of 
the glacier in my published volume. From the 7th to the 10th 
August, I found the dally motion to be 9*9 inches ; or the very 
same as .that just given for the Glacier do Nant Blanc, than 
which, two cannot be more dissimilar. But the smallnees of 
the motion in the latter case is due to the great height and 
very small nh^i or reservoir ; in the former, to the exceedingly 
slight declivity and enormous frontal resistance to the exit of 
the glacier into the AUee Blanche, already encumbered with its 
ponderous mass and debris. 

Whilst speaking of the Glacier du Miage, I may add, that 
I found on the most westerly of the medial moraines, dark blue 
lias-schist, which undoubtedly comes from the very axis of this 
granitic chain, where it has not hitherto been suspected to exist. 
Also, that a repeated examination of the curious " ancient mo- 
raines," forming semicircular embankments towards the Lake of 
Combal, described in my Travels, p. 194, and figured in the 
eye-sketch, has convinced me that these cannot be nf bo old a 
date aa I then believed ; but are due to a temporary outbreak 
of the glacier at some not very remote period, when the accu- 
mulation of pressure of the ice has been such, that an oveirfiov} 
took place laterally, which deposited these moraines in succes- 
sion ae it retired, and the glacier retreated to its present limit. 
I found an exactly analogous case in the Glacier des Bole, at 
ChamouEi ; which, at some period not on record, has thrown 
out an arm between the Chapeau and the Cote du Piget, 

Having fully described the measures of the Glacier t 
Brenva in my last letter, I shall not here return to them. 

Thus I have been able to add the velocity of four additional 
glaciers to the smail number previously ascertained. 
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»{2.) On the Conversion of the Neve into Ice. 
I Bhall now add a few observations tending to throw light on 
two of the most obscui-e glacial phenomena, first, the conversion 
of the enow of the Neve into pure ice, and, secondly, on the 
apparent ejection of stones from the surface of the glacier. 

On the first point, I made some interesting observations 
on the higher part of the Glacier du Geant, where the still 
Buowy ice, marked with the horizontal annual strata, is shoved 
violently down the steep, which occasions the scene of desolate 
confiieiou between the Aiguille Noire and the rock called Le 
Petit Bognon. The structure of the interior of the embryo 
glacier is here perfectly disclosed by the prodigious vertical 
rents which make the scene a true giant's staircaae ; the ice- 
falls succeeding one another at regulated intervals, which appear 
to correspond to the renewal of each summer's activity in these 
realms of almost perpetual frost, when a swifter motion occasions 
a more rapid and wholesale projection of the mass over the 
steep, thus forming curvilinear terraces like vast stairs, which 
appear afterwards, by consolidation, to form the remarkable 
protuberant wrinkles on the surface of the Glacier du G6ant 
described in my Fifth Letter.*' But the point which at present 
concerns us is this, that, according to the best observations 
which I could make, the stratified appearance of the N4vS dis- 
appeared at a depth inconsiderable compared to the vast vertical 
sections there exposed, and the interior of the mass was granular, 
and without structure or bands of any kind. 

I drew the very same conclusion irom an attentive survey 
le Glacier de Talefre, which is peculiarly calculated to throw 

unimportant for travellere to be aware that in seasons like 1849, 
at nnoaual numtli and activity amongst the glaciers, the dislocation and pn- 
cipitonB Bobaidenae of the tabular masses of the NevS is occasionally eo complete 
as absolutely to debar a passage, at least witiiout the help of a ladder. This 
WM the case when I ascendeil the Glacier du Geaut on tho 14th Aupist last, a 
anow bridge by which some travellers had effected a passage a fortnight before 
having wasted awaj. Had travelleis at that time crossed the Col du G^ast 
from Courmojeur to Cbamouni, they migbt bave found their descent, if not 
impracticiible, at least most perilous, and lo return from such a diatanco would 
have besD an almost eqtiaUy distressing alternative. On this accoant it is most 
ad/inable to make tiiis paBsage from the side of Clinmouni. 
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light upon this question, and I shall state the result of in; 
observations there nearly in tlie words in which I recorded 
them immediately after ihey were made. A little higher up 
tiian the nsual passage of the glacier to the Jardin, or near the 
upper limit of the sketch, Plate VIII. fig. 2, the annual layers of 
the N6ve are seen. But these wholly disappear further down; 
the great body of the ice in the hollow of the basin exhibits 
little sigu of structure ; only near the lateral and m&dial moratneg 
the structure is icy and vertically veined, elsewhere it is decidedly 
tnowy, with hardly any trace of bands either vertical or horizontal. 
This is true even as far down as the line of stations W in the 
figure. The general disposition of the structural lines where 
they exist (which, it ia to be recollected, are almost vertical), is 
seen in the same figure [to be] perpendicular to the crevasses. 
From these facts I conclude, first. That the vertical structure 
is too close to the original strata of the Niv& to allow of the sup- 
position that these have all of a sudden turned up vertically in 
some parts of the glacier, and disappeared in the remainder. 
2dly, That where the vertical bands are not developed in the 
higher glacier, the structure remains snowy and undefined. 
^dly. That the conversion into ice is simultaneous, and in this case 
identical with the formation of the hhte hands. 4thly, That these 
bands are formed where the pressure is most intense, and where 
the difi'erential motion of the parts ia a maximum, that ia, near 
the walls of the glacier ; but being once formed, it still continues, 
at least for a time, to be observed under the medial moraine, and 
this may even be traced throughout the ice-fall of the Talefre. 

I am satisfied then (and it ia only after long doubt that I 
venture this confident expression), that the conversion of snow 
into ice is due to the eSects of pressure upon the loose and 
porous structure of the former ; that the vcrj- first effect is to 
annihilate the annual strata of the Niv&, and that the moRt 
rapid glacification is effected by the kneading or working of the 
parts upon one another, by the differential motions which the 
semi-fluid law of glacier progression occasions, and which also 
necessarily fakes place tinder mleas*; ^le^Kate. 
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The belief which I formerly (in common, probably, with 
most other perBonB) entertained, that snow could not paaa 
into pellucid ice without being first melted and then frozen, 
was part of the chemical prejudice that molecular actions 
cannot take place except in the liquid state, a prejudice now 
disappearing, as the subjomed note, on the very competent 
authority of M. Gay Lussac, shews.* The crystalline forces 
act on the snowy granules when brought into close contact by 
prewnre, and the imprisoned air is then distributed in the 
direction of the lines oftearmff, in the form of layers of regular 
globules, just as in the case of the banded lavas which have 
been so well described by Mr. Darwin.t Bishop Rendu, whom 
I had the pleasure of visiting at Annecy, remarked a familiar 
circumstance which illustrates the same thing, AVe often see, 
in the coldest weather, that opaque snow is converted into trana- 
lacent ice by the sliding of boys on its surface ; friction and 
pressure alone, without the slightest thaw, effect the change, 
which must take place still more readily in the glacier, where 
the mass is, during a great part of the year, kept on the very 
border of thawing, by the ice-cold water which infiltrates it. 
In this condition, molecular attachment amongst the granules 
must be comparatively easy, and the opacity disappears in pro- 
portion as optical contact is attained. Most evidently, also, the 
icy structure is first induced near the sides of the glacier where 
the pressure and working of the interior of the ice, accompanied 
with intense friction, comes into play, and the multitudinous 

k incipient fissures occasioned by the intense strain, are reunited 
[by the simple effecte of time and cohesion.^ 
* " Q a'est plue pi^rtnis aujourdliQi d'atoir atto fui avengle an priaclpe si baoalc- 
Jnent r^pEl* dea anoiena Cbimistes, corpora non agunt nisi lolula. II est certain, 
'ka controira. que Iodb les corps, aolideB, liquidea, et aurifonnes, agiseent lea uns inr 
lei antres, inais que, ilea troia flats des corpe, l'£tat aolide eat la moina ritvombls i 
rexercice de raffiail«." — Annala de CHmieet de Phytiqtw, Juin I84S, p. SSI. 1 
f Go Volcanic lelandB, and in Fiiiloaopbical Magazine, April 1S45. I 

X A very romariable peculiaritj ia oliaeryed in some of tbe glaciera of Switsier- 
land, which diatingniabas them from the more rapid and precipitoua onea of Sstoj, 
Tbe glaciers of the Aar. Ritono, and Great Aletach, exhibit a degree of cryitailine 
Mrtie/iire v/Mch 1 Aare nowhere el«o obaerveil', \)iOa4,\Mnwi\*\, CT^rtiSmo ^iVw. 
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^^H We ore therelbro relieved from the difficulty of accounting 
^^B- for the cold which would be oecessary to treeze the inGltrated 
^^■'Vat«r which was at one time believed neccBsary to expl^uu the 

^^^ oonveraiou of the riive into proper ice. This would be liable 
^^B to most of the objections urged against the Dilatation Theory. 

I 



(3.) On the Fjbst Appearancb of Stones (ebbatics) on the 

SUIIFACE OF GLiClEBS. 

I shall conclude this letter with a few very partial observations 
upoii what I must consider as one of the phenomena of glaciers, 
Btill obscure as to its explanation, although most familiar as a 
foct, — I mean their supposed tendency to reject impurities, and 
the undoubted fact that stones are always found near or upon 
tlie surface of the ice. It is strange that it should not have 
occurred to every one who sought to explain the appearance of 
stones on the surface by the ablation of the ice, that in order to 
wrive there at all, the blocks must previously have been im- 
bedded in the virgin ice, where popular belief, and, generally 
speaking, more accurate obeervations also, give them no place. 
Yet, in the thousands of crev^ses which an active observer 
passes and examines in a week, how few cases of imbedded 
stones in these vast vertical sections are ever visible ? I might 
almost ask whether they are ever seen, except in the neigh- 
bourhood of the sides of a glacier, i.e., under the lateral mo- 
raines ; and even there how rare ! 

The object of the present memorandum is, on the one hand, 
to direct attention anew to the apparently perpetual paradox 
which the glaciers present in this respect, and which, I am per- 
suaded, offers something yet for careful observation, and, on the 
other, to give what seems to me incontrovertible evidence, that 
what I have so seldom seen myself must yet exist, and that 

(not unlike, in general she and poliefa, to tboaa of hyperalbene ia byperBlhetie roek), 
Bliew a devulopmtnt of crystallizing force wliicb miiBt evidently be tbe effect of long 
time, and probably of conipitr»tivelj slow motion. Tbe reflection of the sun or 
moon-beam fromtheBBplatea gives to thoglftciere 1 bave mentioned a danEling eflect, 
wbicb I have not observed on tbo gliiciers of the Pennine Cbain. [IbaYO since 
L noticed a niniilir structure in the NjgBard Gliicici' in Norway.] 
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stones are actually extruded, although in a peculiar manner, 
from pure ice, or at least exposed by the ablation of the surface, 
In my Travels, p. 241, referring to the excesBively gradual 
development of the moraine of La Noire on the Mer de 
Glace of Chamouni, I stated my belief, that this moraine was 
buried in a fold between two glaciers, one of which bad over- 
flowed the other, and that, as the upper glacier decayed away, 
the rocky fragments were strewed on the surface. A fresh ex- 
amination of the same localities leaves me in the same want of 
direct proof of this fact, but the difficulty of explaining it other- 
wise, makes me suppose my former view correct. 

The extruded stones on the Glacier du Nant Blanc, near 
Chamouni {alluded to in the first part of this letter), present s 
very remarkable appearance, imperfectly shown in Plate VIII. 
fig. 6. The right bank of this glacier (that which appears on 
the left of the figure as seen from a distance) is at first bounded 
by rocky summits, but in the lower part of its course by a 
mound-like moraine of the usual form. The surface-blocks can 
only be derived from the precipices near the origin. Yet they 
do not even appear on the surface opposite to the rocks, hat 
only opposite to the moraine ; and they increase in number and 
quantity towards the lower end of the glacier, where they 
almost blacken the surface of the right side, the left side remaining 
almost clean. It is difficult to believe that this accumulation is 
not due to the gradual denudation of the blocks by the melting 
of the ice in which they have been, in some way or other, im- 
bedded ; but it is scarcely less difficult to admit that, having 
fallen from the rocks above the Neve, they should have remained 
unperceived in the ice during all the intermediate space- 
To take another example. The glacier of the Rhone is 
distinguished by the extraordinary purity of its surface, and the 
consequent absence of lateral moraines. But this general free- 
dom from stones on the surface is subject to one exception, 
which is remarkable : — StoTies begin to a^ear at the surface on 
the terminal slope at a cimsiderahle height. How came they 
there ? Not a stone the size of the fist can be seen on the aiuv 
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face farther up ; and, in examming a number of the crevasses, 1 
coqM not see any engorged in the ice. The explanation seems 
to be, that these stones are actually introduced into the ice by 
friction at the bottom of the glacier, and forced upwards by the 
action of the frtmtal resistance which produces the frontal dip of 
the veined structure, and they are finally dispersed on the sur- 
face by the melting of the ice. What is here supposed to occur 
is illustrated by an ideal section of the glacier of the Rhone, 
Plate VIII. fig. 7, where the curves of ejection are identical with 
those of forced separation, causing the frontal dip of the veined 
structure ; and this view is confirmed by what I have often 
observed, particularly on the Glacier of Bossons, that the veined 
structure in contact with the lateral moraines becomes soiled, 
and that dirt and stones may be traced along the course of the 
structural bands from the moraine to a considerable depth in the 
ice. The action there is in the horizontal plane, what we here 
suppose to take place in the vertical, and which the now esta- 
blished retardation of the lower strata permits us to assume as 
exactly a similar action. I have no doubt that a similar expla^ 
nation applies to the glacier of the Nant Blanc, and to other 
glaciers.* 

Before closing this already too long letter, I wish to record 
an observation aheady made by me in 1844, but which I hesi- 
tated to publish because the sketch representing it was made 
from memory, and not upon the spot ; but I have now verified 
it both in the same and another locality. It ia represented in 
Plate VIII. fig. 5, where b d is part of the wall of the glacier 
which is about to turn at a considerable angle with its former 
direction (it is at the well-known part of the Mer de Glace named 
L'Aiyle). I knew, from long experience, that the ice here pre- 

* It will be eeon that tMs explanation will give an clcvatary force to the ice 
containing blocks Bimilar to that which Du Charpentier (Eeaai Borlea GUisiers, 
g 26) BBcribed to the enpansion of the frozen water. It will ulao be fleen thai it 
renders a perfect ftccount of the " veins of the dehris of rockn '' in glaciers, partica- 
tarly near their lower extremities, whiah that ingecioua author has Bttempted to 
account far (nnKaliefactorily, I think) by the transporting action of atreamB of water. 
— (Ibid, @ 27.) 
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sentfl, year after year, compact ridgea, such as ab, cd, parallel 
to one another, and separated by a mass of crevasBCR which it 
is, generally speaking, impossible to cross ; and any one wbo 
attempts to traverse the more crevassed portions of the glacier 
without attending to this peculiarity, will infallibly lose his way. 
But, as the drawing explains, the direction of these ridges by no 
means corresponds with that of the individual crevasses, whose 
grouping subdivides the glacier as I have now described. The 
crevasses may be nearly transverse to the glacier, whilst the 
sf/stems of crevasses form an angle of perhaps 30° with the 
transverse line. The veined structure again cuts the crevasses 
at right angles, so that these may be regarded as three orders of 
discontinuity, or tearing surfaces, which occur in systems, that 
is, regularly repeated at nearly uniform intervals over great por- 
tions of the glacier surface. I have this year succeeded, for the 
first time, in laying down on a map an approximation to the 
various and complex systems of crevasses which traverse the 
Mer de Giace, and I have found a repetition of this phenomenon 
of a series of discontinuous but parallel fissures ranged along a 
line or axis oblique to their direction, to recur at several points 
where the strain ia very violent. Let it be remarked, too, that 
where the violence of the pressure opens a system of such 
fissures to relieve it, the bands, or system of surfaces of mole- 
cular discontinuity, disappear, or are less well developed, l^M 
remain, etc. ^H 

12tli December 1846. ^M 

^ XVII. FOURTEENTH LETTER ON GLACIERS. I 

^V Addressed to Professor Jambsox. ^H 

^^Bb tlie Variation oftlie Motion st difieiect SesBons. Obeervations on the Olader^' 
^^t of the Aar, conaidered and compared witb tlic Author's reaults. 

^P My Dear Sir — 1 am led to request you to reprint in the 
Edinburgh Philosophical Journal, part of the 9th section of my 
paper on the Viscous Theory of Glacier Motion from the Philo- 
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iwphical TranBactiona for 1846,* for the following reason : — 
I There has lately appeared in the BibliotkSque Universelh de 
J Qen^m, a paper by M. CoUomb, in which it is maintained, on 
I tiie authority of the experiments of M, Dollfusa on the Glacier of 
■the Aar, that the velocity of progress of that glacier is the same 
1 EcasonB and in all weathers ; and that previona obaervers 
I who arrived at different conclusions on that glacier were in 
I error. It may be so. The Glacier of Aar is, as I have elae- 
I where shewn.t in very peculiar conditions of mechanical con- 
I Btraint ; but it is important that it should he shewn by the 
I testimony of by far the completest series of observations which 
[ lias yet been published, and which extends over the entire year, 
I that this independence of the velocity upon external circi 
y stances is not at least the general rule. 

The passage in M. Collomb's paper, to which I have alludi 
L may be thus translated : — " It results from the examination 
[the registers of M. Dollfuas, which contain several thousand 
observations, that the Glacier of the Lower Aar moves with per- 
fect regularity ; — no sudden starts nor pauses ; the movement 
of any particular point taken on the surface of the glacier, whe- 
ther in the centre or at the edges, is very slow, uniform, and 
independent of atmospheric influences. (He goes on to say, 
that, as it is the fastest in the centre of the glacier, and almost 
nothing at the edge.) Fine weather or rain, dryness of the air 
or humidity, cold or heat, day or night, or different seasons, 
have no influence upon the velocity of any particular point of 
the surface of the glacier. 

" The obaervers of previous years believed, on the other 

hand, that the general march of great glaciera was in intimate 

I connection with the accompanying state of the atmosphere, 

[ They believed, for instance, that the movement was retarded in 

I dry and cold weather, and accelerated by moisture and 

• [Already printed fit page 136, etc.] 

t Nintli Letter on Glaciere, Ed. Phi!. Jpur., vol. ixxviii., p. 332. [See d, 
p. 88.] I may acid, that M, Martins gives a sirailar accnuiil of ihe reaults of || 
' Collfiifia' eiperimonts in the Cimipla Fenrljw. 26lli October 1846. 
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The obBervatioDS of M. Dollfuss, wbich will, without doubt, I 
published one day in detail, have proved the contrary, and have 
shewn that a glacier, like a eemifiuid body, urged by a mechani- ■ 
cal force, moves on without hei»g influenced by the stale of tTis i 
surrounding mediumi"* 

Now, Sir, the last passage, the italics of which are in the i 
original, conveys to uh, in the first place, the pleasing infonna- I 
tion that M. Collomb, and probably M. Dollfues also, have ac- 
cepted the viscous theory of glacier motion. The word " se 
fluid" applied to a glacier, is now, notwithstanding its seeming 
harshness, an adopted word. But I must enter an earnest pro- 
test against the supposed discovery of the uniformity of the 
motion and its entire independence of atmospheric circumstances, 
being assumed to add any probability to the viscous theory, ; 
the phraseology of the preceding extract seems to infer. On 
the contrary, if there be any glacier which does not present the 
law of variable velocity, which I established for the first time, 
on the Mer de Glace of Chamouni in 1S42, and which has since 
been found on the Glacier of Bossons, on the Glacier of Grin- 
delwald, and was supposed to have been found on the Lower 
Glacier of the Aar, such a glacier affords a proof ^e less va 
favour of viscous or semifluid theory. 

It is on this account, Sir, that I diisire that the readers of 
the scientific journals may he made fully aware of the amount of 
the evidence by which, in some glaciers at least, the direct con- 
nection between the movements of the glacier and the condi- 
tions of temperature and moisture have been established ; and 
it is for this object that I crave a few pages of your Journal, 
for an extract from a more elaborate and less accessible paper. 

Before quitting the subject, I wish to add, that I concur 
with M. Collomb in desiring the full publication of M. Doll- 
fuaa' results on the Glacier of the Aar, which, latterly at least, 



• BihIUithlqaE UniwrteUe pqbliee 15 Deoenb™ 1846, p. Sia, note. The pBff- ■ 
mge in italics standa thus in the original, — " Un gUtder eomtnt tm corps lemijluidt | 
pouafpar urn force mieanique, marclie en avcmt savs KlailstrinfivetuerpoTtittxt- I 
d» miiieu amhioMl.'' 
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[ know to have been made with excellent instruments, and, it 
may be hoped, with due care. Until such a publication takes 
place, we must be permitted to withhold our final assent from 
a conclusion which is in contradiction to observations on at leaRt 
three other glaciers, and to former observationB on the same one. 
Should it prove correct in the particular case of the Glacier of 
the Aar, I suspect that it can only arise from a curious balance 
of two opposing influences occasioned by the peculiar circum- 
stances of restraint under which that glacier moves, and pro- 
bably may apply to only a very limited portion of its surface. 

But I repeat, we must wait for the observations. The 
public cannot but receive with distrust, reports of conclusions 
drawn from unpublished observations so repeatedly contradict- 
ing one another, as those which have been furnished by ob- 
servers on this same Glacier of the Aar. Not to go farther 
back, within _/»wr years we have haA four positive statements of 
fact said to have been deduced from observation, three of which 
are irreconcileable. First, we were told that the glacier was 
absolutely quiescent in winter, and moved onwards during the 
summer months only.* It was next admitted, that in winter 
there is also motion, only the summer motion is greatly in es- 
cess.| Next year (1844) we were told that the variation of 
velocity ia not confined to summer and winter, but is extended 
to every variety of meteorological condition, in fact, is left on 
the basis on which I had akeady placed it (as regarded the 
Mer de Glace of Chamouni) two years previously. In the mid- 
dle of summer, but during cold and snowy weather, which lasted 
nine days, the velocity of the Glacier of the Aar fell below the 
mean velocity of the same point for the entu:e year ; whilst 
during the succeeding sixteen days of fine weather, the daily 
average increased in amount by exactly one-half, and rose con- 

• Agftssiz, 1843. — " Ce que je pnia annoncer poBitivement di-B & present, c'est 
qaele glacier est immobile en liiver." Letter to M. Arngo. dated from the Glacier 
of the Aar, Camptei Jtendm, 8tb August 1842. Compare Editi. Phil. .lour., 1842, 
Tol, iiii;i., p. 253, 264. 

f Agaaaii, 1843. — " Le monyement est beaucoop plm aecfil6rf en ete qD'ra 
hiver," Bulletin de la SociStf des Sciences NatnrelU de Neufehatel, Sth No?. 1848. 



»•] 



OBSEHVATlONa ON THE GLACIER OF THE AAB. 



aiderably above the aunual average.* Now (1846) we are de- 
aired to consider these opinions and deductions to be erroneous, 
as well as the measured distances ascertained by M. Wild, who 
has hitherto been believed to be a competent surveyor, and who 
had found the advance of the points of hia triangulation on the 
glacier to be more than one-half more rapid during summer than 
in the remainder of the year.f The opinion of MM. Dolfuas, 
Martins, and CoUomb, is, that seasons and weather make oo 
difference whatever on the motions of the glacier of the Aar I 

From these conflicting results, it is plain that there have 
been reckless assertions made, and also observations unworthy 
of confidence. It is very much to be desired, for the credit of 
all the parties who have had a share in the experiments on the 
glacier of the Aar, that the source of these discordances should 
be iflvestigated, I remain, etc. 



[be invest 



t, lath March 1847. 



[The observations on the motion of the Mer de Glace, re- 
ferred to in the preceding letter, and which were printed at its 
close in the Edinburgh Philosophical Journal, being tt-xtually 
taken from the paper in the Philosophical Transactions for 1846, 
and already printed at page 125, etc. of the present volume, are 
of course omitted,] 

* Oympta Rendva, 9th Deo. 1844, p. 1301. — " L'sToncement {jaamalier] etait 
loinld'etre Dniforme, il variait cODBiderablement Boivant les conditionB atmoBphs- 
riqnea." Compare Ninth tetter [p. 73 above], 

t BuB. de la Soc. de NeufrhStel. No. 1. — From Ibe results there mentioned, I 
^Ts the comparatiTe motion of seven peinta of the glacier during iiitj-eeven daja of 
■ummer, Mid for the suae length of time takea from the average of the remainder 
of the jear. 
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XVIIL FIFTEENTH LETTER ON GLACIEKS. 
Addressed to the Rev. Dr. Whewell,* 

ObSERVATIOKS on the ANALnoIEB DEKITCD FBOM Mdd-SliDEB OH A 

Large Scale, and prou boue Frocesseb in the Arts in favour \ 
OF THE Viscous Theory of Glaciers. 

Land slips as observed bj M. Collm — Mr. Milward on the FbenomcD& of a iarge 
Mad-Slide at Malta, and on tbe Canee of the Dirt-Bands and Wrinkles of i 
Glatiers — Connection with Frontal Dip — Surfaces of DetroBion in Iron Torn- 
ings, attended with Vertical Accninulation of Material. 

My dear Sir — It is considerably more than a year since I 
you did me the favour to communicate to me the interesting 
drawing and remarlts by your Mend Mr, Milward, on a mud- 
slide on a large scale, which had come under his observation 
at Malta, and which led him to notice some interesting ana- 
lo^ea with the structure of glaciers. Again, last August, you 
communicnted some farther refletrtions and observations by 
Mr. Milward, and you invited me to send any remarks on 
the same subject which occurred to me, to be communicated, 
along with Mr. Milward's papers, to the meeting of the Bri- 
tish Association. I sent you, on the 11th of August, a let- 
ter, the chief parts of which I shall embody in this one, but 
whicli was not read at Swansea, in consequence of the pres- 
surt' of business in the Geological Section, which barely ad- 
mitted (as I afterwards heard) of Mr. Milward's papers being 
read, and consequently no discussion took place. Since th'at 
time, Mr. Milward, before returning to Malta, was kind 
enough to place his papers at my disposal, which I then of- 
fered to Professor Jameson for publication in his Journal, which 
he accepted, and now allows me to add my remarks on the 
same subject, which I address to you, as having been the. intro- 
ducer of Mr. Milward's facts, and as having Bret desired my 
opinion with regard to them. 

The phenomena presented by mud-slides on a large scale, 
.are not now studied quite for the first time. About two 

• Edinbnrgh New Philosophical .Toumal for January 1849, 
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I ago, I obtsuned a Frencb wcirk, eLiiiJtrl ■ Ke'.ii^Ttba 
bimentales sor les GlissetDenis spontanes det 
s, par Alexandre Collin, Jngenienr dee Pocte « 
Paris, 1846, 4to. This ioterestiog wor^ illasamied I7 
», contmus no aUnsion to the subject of ^acaaa; — fteftew- 
ft of mad-slides being tonsdered ecdeJy n 
^ew. The principal object of lite wori 
I of the surface of sliding, wludi wyia t M the nSd fron the 
ing soil of railway cuttings *"l»"^"»»— t*j aod tbe tte. 
t Bubject is not parttcnlarly coinected wtdi Ae one befim » ; 
^ M. Collin has, at the same time, p r Mcntod ns vith extsd- 
E and detailed sections of land-slips, tbe mese iupeeticn cf 
1 Tecalls forcibly the outline of gltden, and, »ltlwi«^ eri. 
bly unaware of my theory of the latter, fai> lemaifa 
}, very satisfectory way, several of my antkipstiaiu 
\ internal movements of viscous bodies. Thus, in the txana- 
e section of an embankment of the Fans and VersaiHefl Ra0- 
{Rive (jauche) [copied in Plate IX. fig. 1., of tbe presmt 
me], we find the original declivity of forced »tfth, denoted 
P^tbe dotted line, remodeUed by the ^de ova the sui&ce DFB 
I the bulged form FGH, which recalls at once the terminal 
section of a glacier. In fig. 2, again, we have a rinular pheno- 
menon, observed at Cercey in Burgnndy, where the mam has been 
more solid, the swelling of the surface less continuous, and trana- 
verse crevasses, exactly like those of a glacier, have opened. 
The length of the talus or declivity, before sliding, was about 
26 metres, or 85 English feet, in the first case, and 24 metref, 
or 79 English feet, in the second. M. Collin also meaaiireii 
dwly, for more than two months, the horizontal advance ofi 
the lower extremity of the earth-slide of Cercey, and likewise' 
the perpendicular fall of its upper extremity. These results, 
which are the only ones of the kind which 1 have met with, 
are highly interesting, as shewing the continuity and general 
regularity of this very small motion in a mass which could not 
be called fluid, in any ordinary sense of the word, since wi 
are told that there was not the slightest trace of any exudatif 
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of water &om the reservoir, of which the mass in question 
formed the embankment, and that " the absence of continued 
rain during the period of observation, singularly favoured tie 
regularity of the descent."*' But the best proof of the soliditj 
of the material {a clayey soil, near the canal of Burgundy) is, 
that it admitted of being cut to permanent slopes of 30°, and 
even of 450. Tlie amount of horizontal movement of the lower 
end of the land-slip increased graduaUy during the first three 
weeks, and soon after ceased entirely ; but the top of tiia 
slip continued to move during the whole continuance of the 
observations. This fact was confirmed by independent observa- 
tions on a subsequent slip.f It follows, therefore, as a mathe- 
matical necessity, that the central parts of the shp being thna 
compressed, must either have discharged themselves laterally, 
or been heaped up vertically. An inspection of the change of 
figure of the displaced matter FGH, in fig. 1, which originally 
had the section EADF, plainly shews that the loosened earth 
was heaped up by the frontal resistance near H, — that the 
posterior parts of the mass overrode the anterior ones ; in short, 
gave rise to the uipward and forward internal sliding motion, to 
which I ascribed, in the glacier, tlie phenomenon of the frotUal 
dip of the veined straclure (Travels in the Alps, 2d edit. p. 164). 
This condensation or swelling (hoursoufflement) was noticed by 
M. Collin as characterising earth-slides, and the actual " ascen- 
sional movement" of the parts, due to the ^MOffi'-hydrOBtatio 
pressure, when a solid obstacle resisted the progress of the 
stream, is also admitted by him;} of coiurse, a mass of the 
mud or earth, of sufficient weight to produce an intense friction 
on a level or on a sm^l declivity, would produce the same 
effect. In these observations, the daily motion of the terminal 
part of the land-slip varied from one-hundredth of a metre 
{0'4 inch) to a metre and one-third (4i feet), but this last 
motion seems to have been the result of a sudden concussion ; 
the steadiest motion was from half an inch to four inches daiiy.§ 

* Oollin, GliBBemeiitB Bpontantu, p. 50. f IWd, p. 51. 

t Ihid. p. 47, and Plate XI, 

S Mj friend Mr. JolmTTioniBon (o? GW^'i'i'"),™ i a\.Q\>, ■OQ'.t^\fti-«V-.^>«. 
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Having now attempted to do jnatice to M. Collin's interest- 
ing observations, I pass on to tlie papers of Mr. Milward.* 
This gentleman, being acquainted generally with the analogies 
lately attempted to be established between viscous bodies and 
glaciers, at once directed his attention to the peculiarities of 
lurfiiee of the great mud-slide which be witnessed at Malta. In 
the stream of the first slide he observed, under a favourable 
light, curved bauds, alternately dark and light coloured, which, 
like their analogues, the dirt-hands of glaciers, are best seen 
from a height, and when the light falls obliquely. On close 
inspection, these bands were found to be composed (superficially) 
of smooth, fine mud, and of rough, coarse mud alttiraately, the 
Utter being somewhat the higher of the two. In a second case 
of a mud-elide, he found that the Emoothness of the mud was a 
flQperficial phenomenon due to the settling of the more fluid part 
in slight depressions existing between " the rough bands, which 
were raised from a foot-and-a-half to two feet, so as to form ridges, 
ervavea, or wrinkles, swelling and falling over." The sketch given 
[by Mr. M.] of these " wrinkles" is shewn in fig. 3 of Plate IX. 




Fig. 23 PtlH Of GHeiER DV GKiST. 

bw bvonred me, Btateit tliat, in his experience of making rulnay embanbmenta 
^ Leiaesteraliirt!), he htx fimoil concentric waves or wrinkloB preBeed onl of the 
•oft olay of the embankment, in proportion as the load of earth increBBes. fin the 
COTiree of the last ten jeara I have contintled to receive numeroun ndditionsl con- 
lirniations from several correepoadents.] 

• [In the Edinburgli Philosophical .Inui-nal for JannaiT 1S*9 ] 
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Mr. Milward was not aware that the analogous phenomenon 
was discovered by me in gla<nera as far back as 1843jl^_ 

Tig. 2t. Sectidh or GuciEi ac Giaht. 

described in my Fifth Letter on Glaciers* where I have 
given the preceding plan and section representing them. It 
must be as satisfactory to Mr. Milward as it is pleasing to 
me, to find that hia shrewd conjectures as to the probability 
of their discovery, although based solely on the analogy of 
viscous fluids, are thus perfectly confirmed. They were, in 
fact, discovered in the place and at the time that Mr, Milwjurd 
supposed they would be, and they were already designated 
by the very term he uses, " wrinkles," years before he wrote 
of them. "It will bo useless," he observes, "to look for 
them at the lower parts of glaciers, as they will have disappeared 
under the effects of atmospheric and other action. . . It is, 
therefore, to the head of the glacier, where the true glacial 
structure commences, that we are to look for such ridges : the 
best time, also, will be at the commencement of summer, after 
the disappearance of the snow, and before the coniiision of the 
surface occasioned by the sun's influence." + In point of fact, it 
will be found, from the reference above, that the glacier wrinkles 
were observed on the Glacier du Geant, at the upper part of the 

• Edintiugli New PLiloHophicttl Journal, 1844, p. 117, and pages 40 and 41 
of the present volume, where tbeae fibres occur. 

f [An Attempt Cuillmlrale the Origin of "Dirt-ianda in Olacien." ByA.Milwftrd, 
Eaq. Edinlinrgh New pmoBophical Joarnal, Jan. 1849. The remarkable inaight into 
phenomena which this paper displays, and its intimate connection with the subject 
of the present Letter, indncoB me to print Mr. Milward's contribution ae an Appen- 
dii to the present volume ; the rathor as it might easily be overlooked in the volu- 
minoHB journal in which it first appeared. The account of the Mud-Slide at Malta 
(whiuh is not reprinted) Is also well worthy of being read. The writer of th«E8 con- 
tribationg to Ibc theory of Glaciers is now anfortuDately deceased. He died abont 
two years ago in the neighbourhood of Cliftau, where I had Grst llie advantage of 
making his accguaintance in 1853. His very bad health must have prevented turn, 
lor a great many years from exploringa glacier, if indeed he enerhad diat ndTaDtagf. 
Hia deductions are therefore, in every respect, the more remarkable. — Deo. 1868.1 
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Mer de Glace ; — and that the season was that of the disappear- 
ance of the winter snow, *-hich lay in wreaths between the 
ridges, thus perfectly defining their contour. 

With respect to the origin of these wrinkles in the mnd- 
sliiJe, Mr. Milward has, I think, very justly rejected the expla- 
nation of them formed on a supposed alternation of beds or strata 
of different texture, the existence of such beds being entirety 
hypothetical, and, considering the manner in which such a mud- 
slide is formed, utterly improbable. In looldng for an explana- 
tion of the analogous phenomena in glaciers, it would, therefore, 
he wise to try to find one which should hold good in a mass of 
uniform consistence, and rather to loot for the less compact 
structure of the ice beneath the dirt-handa as an effect of the 
same cause which produces the v^Tinliles, than as the cause 
itself. I believe that the phenomena of ridges or wrinkles is a 
general one, depending on the toughness of a semifluid or semi- 
solid mass forcibly compelled to advance or extend itself; that 
the periodicity, or repetition of the wrinkles at nearly regular 
intervals, ia due to mechanical causes alone, and to no variation 
of internal consistence. 

Having successfully imitated these wrinkles in my experi- 
ments,! think that I am able so far to account for them. Although 
neither mud nor plaster is capable of retaining the internal veined 
structure of the frontal dip, which bears evidence of the direc- 
tion of the slide being such as I have stated, that evidence is 
to be found in the glaciers themselves, in certain cases of lava 
streams, which I have elsewhere described,* and in Professor 
Gordon's beautifal experiment with brittle pitch in motion.t 

A body soft enough to convey a pressure partly hydro- 
static, or one acting in any direction, — if it be tenacious enough, 
— always tends to crease, or have its surface near the point of 
pressure pushed upwards and forwards relatively to tlie surface 
farther oft'. A heavy weight laid on a tough paste will raise a 
wrinkle round it, but at some distance ; farther off in proportion 
to its toughness. So railway embankments raised on a boggy J 

• Phil. Trans 1836, + PHI. Mug., 18«. to], iiri. p. 306. J 
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bottom force out a crease, or two or three succesaive parallel 
creases, on either side ; and, I daresay, you recollect that one 
effect of the great land-slip at Lyme, some years ago, was to 
elevate a ridge of shingle above the level of the sea at some dis- 
tance from the shore. A succession of equidistant wrinkles 
will be formed wlienever different parts of a plastic body are 
subjected in succession to a pressure violent enough to produce 
detrusion, or shding amongst the particles. Thus, if a very 
viscid fluid is poured in a gradual sti'eam upon a fiat surface, so 
that it may spread uniformly, a succession of circular creases 
is formed in consequence of the hydrostatic pressure from the 
heaped-up centre becoming sufficient to overcome, for a moment. 
the viscosity at a certain distance from the centre ; as the cir- 
cumference rises in a crease, the centre falls, the central pres- 
sure suddenly diminishes, and if the stream continue to be 
poured uniformly upon the centre, although the circles will 
expand slightly, it will not be until a sufficient head is again 
raised to overcome suddenly the viscosity of the fluid that a 
new wrinkle is formed in exactly the same relative position aa 
the first.* Treacle, mortar, tar, and similar bodies, usually 
present such creases when poured out. What has now been 
said of a viscid mass spreading uniformly from a centre apphes 
equally to one confined m a trough with parallel sides, if con- 
stantly fed from one end. A succession of waves are thus 
formed, as in Mr. Milward's mud-slides, or as in a glacier. 
They become confounded or not at a distance from the origin ; 
thai depends entirely on the rate of motion of the streion at 
different points, which again depends chiefly upon the declivity 
of its bed. 

These wrinkles or creases, then, do occur at regular inter- 
vals, even in bodies perfectly homogeneous, and, under external 
circumstances, perfectly uniform. The intervals of such waves 
depend, in these cases, solely upon the physical iiualities of 
tenacity, specific gravity, etc., of the body, and the more or lesB 



IX, fig. ^ 
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Httempted to bo illuslratEd by the curien in Platf 
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ample stream which lamishee it. We pcrceivu hi>i'o iiulJiiiig I 
Uke sn taumal recarreacc : and this eircuiDHtuncc ut RrHt puxxlad | 
me, the inteirak between tBe dirt-bandif of tho Mcr do (jI 
(which are evidently the same with tha wrinkli^M) bcin^, iw ob- 
served by me at the verj- time of their first discoviTy, m nearly J 
GonsisteDt with what I Biipposed to be the auniiul Diotiuii of tbv J 
ice stoeuD, and which was afterwards coiiflriiicd by diroOtJ 
experiinent, as scarcely to allow ue to Bupposo tlie cuincidunM f 
ibrtaitons. 

Bnt an easy experiment establiahos the analogy perfectly. ' 
If the stream of plastic matter already supposetl bo not iinifomily 
supplied, but arrive in gushes, every such ovoillow, by tlio ipipld 
rise of the head, throws off a wrinkle in the moet ntgiihu' iiiunncr. 
So that, for example, on examining those plaster modeln, ft)f«'| 
merly repeatedly described by me, in which cnpfula of wlittvl 
and of bine plaster of Paris were altematoly poured dciwii an In* 
clined channel, each separate flow was found to (loiiNtituUi I 
ware or crease. In a glacier, especially in iU liiglic^r rcKii'M 
the difference of summer and of winter velocity is Mii(T]cii<nt to 1 
produce what may be called (relatively) a gush ; and I suppoM 
that the wrinkles are formed in moat glaciers at tho liiot of tht 1 
steeps of the n4vi {as Mr. Milward also bQlievos), whoro a prQt>| 
sure d tergo is produced by the heat of the short summer, HUf>4 
ficient to overcome the incalculable resistance which a mium of 
half-frozen Bnow, hundreds of feet thick and hundreds of yards 
wide, preaenta, to be squeezed and moulded, after the maimer 
of a semifluid, into a convex wrinkle. Of tho fact tlu-ro in no 
doubt. Each wrinkle, then, is nothing else than u local swel- 
ling, such as those figured by M. Collin, taking place at tho 
moment when the upward and forward forci! due to the qiitui- 
hydrostatic pressure of the mass becomes insuppoi-tablo, and 
gives rise to the forced separation of the cohering substance by 
countless fissures, constituting the frontal dip of the veinti^ 
structure of the glacier, whose position, taken in connection with-X 
tttie wrinkles, is shewn in Plate IX. tig. 5. 

I farther beg leave tn direct your attention to a verj 
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curioua Uliistration of these views which I lately noticed. In 
the mechanical turning or planing of malleable iron, the spiral 
r BhavtngB have a structure which is truly remarkable, and shews 
I' convincingly that the effect of a steady pressure upon a semi- 
solid or plastic body, is really such as to produce not merely 
wrinkles or creases on the sarface, in the usual wave-liVe form, 
advanced in the centre, and withdrawn or retarded at the sides; 
but that the shaving haa its particles squeezed upwards and 
Jvrteards, as I have maintained that the mass of ice is, in eon- 
Bequence of the intense frontal resistance, and when the tenacity 
I of the metal is pushed to its utmost limit of endwajice, detrusion 
\ takes place at intervals sensibly equal, as in one of the speci- 
mens herewith sent, — being nothing else than the wrinkles 
exaggerated, and the bruise producing the veined stmctnre 
pushed to an actual separation. (See Plate IX. fig. 6). These 
epeciuaens (and such may be found in the workshop of almost 
any machine-maker) * have the higher degree of interest, be- 
cause fhe surface ofdetrvsion makes so very large an angle with 
the line of pressure. This process of heaping up by internal 
sliding of the parts of a semifluid mass was pointed out by me, 
I believe, for the first time, as applicable not only to very tena^ 
ciouB bodies, but even to streams no more viscid than common 
water. But I concluded that when the frontal resistance {due 
to friction and cohesion) becomes very great, the planes of least 
resistance may assume an inclination of 60° or more, a notion 
which haa been treated as practically untenable by a mathema- 
tical critic of my theory, whilst he admits that it is theoretically 
possible. The iron shavings in question demonstrate the truth 

• Thej are not so common as I supposed wben I wrote this ; tbey are princi- 
pal!)' to bo found wbon coarse planingB aro made from iron of not the very best 
quality, and not )ubricat«d with water. The finest iron is loo plnatiu. On men- 
tioning recently thoao observations to Mr. James Naysmitb of Mftncbeeter, be 
stated it to me, as a fact familiitr to practical men, that, in turning B aylinder three 
feet in circumforcoce, tbe sbftving, omng to froiilal condenialion, and the over- 
riding of tbe parts, is perhaps only two and a hiilf feet long. How parfeot the 
analogy with what I have always maintained to ho the mechauism of the glacicf t 
It la this thickening, amounting lo one-fiflh part, »bich cotnppnBsteB during winter 
tite lummer'a waste. 
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and feasibility of my anticipation. There ia no difficulty in de- 
termining the exact line of presaure, for it 18 obviously that in 
which the tool is made to act, or it is mathematically parallel to 
tiie flat side of the Bhaving itself, if we suppose it straightened. ' 
(Fig. 7.) • In one of the specimens now before me, the planes 
of detnision, or frontal dip, make an angle, as nearly ae can he 
eBtimated, of seventJ/ degrees, with the base or line of pressnre. 
From the jWrous appearance of the whole mass, I have little 
doubt that it is traversed by numberless fissures or flaws parallel 
to the planes of actual ahding, flaws which might probably be 
made evident by immersing the whole in dilute acid. 

Time does not allow me to add more. Some may consider 
these approximations and analogies trifling, but I persuade my- 
self that you will not do ao, being well aware how much has 
resulted in the progress of science from the patient study of 
minute facts not obviously related to one another. It is some 
pleasure to me to persuade myself that my speculations upon 
the cause of the motion of glaciers have bad some slight in- 
fluence in drawing attention to the loose manner in which 
bodies have hitherto been classified as solid and fluid, rigid, 
flexible, or plastic. On the one hand, attention is directed to 
the way in which stress or strain is exerted upon masses, and 
modified by their internal constitution in a way which no theory 
not embracing an expression of that constitution founded on 
experience can possibly represent. On the other hand, the Im- 
perfect views which practical men have entertained as to the 
manner in which intense strains affect materials of certain kinds 
and in certain forms, are apparently about to undergo a con- 

terable revolution, I remain, my dear Sir, yours very truly. 
BonBUBaa, 3d Deoemlier 1848, 



• [The analogy of this figure to flg. 7 of Plate I,, reprcBonling the effect or 
' detruaion on a lava streBin of Moant Etna, ia remarkatlc] 
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I XIX. SIXTEENTH LETTER ON GLACIERS. Addreesed 
to pROFEssoE Jameson.* 

I Obgenntions on the Movement of the Mer de Olacs down to 1850. Obgervationa 
\jj Balmat, at diSereat BeaaoaB, in continuation of tbuau fortnerljr detailed. On 
the gradna] pasBagt of Ice into tbe Finid State ; abBerrBtiong of M. PersoD- 
Notica of an undoacribed Paaa of the Alpa, from Chnmooni to OraiJrea by tbe 
QlacierB of Tour and Salena. 

My dear Sir — Having had tlie good fortune once more 
to spend a few {though very few) days amongst the glaciers of 
Chamouni last summer, I avail myself of your kind pennisaion 
to carry forward the account of my observations, which has 
now, for a period of eight years, been regularly communicated 
to the readers of your Journal. As my stay was limited by 
imperative engagements to little more than a week, I was pre- 
vented from undertaking a continuous series of observations on 
the movement of tbe ice. I was fortunate, however, in obtain- 
ing materials for the (correction and extension of certain parts 
of my Map of the Mer de Glace, which were deficient in my 
former observations, especially as to the exact form of the basin 
of the great Glacier du Giant, which I had only visited once 
before, on occasion of the passage of the Col of that name in 
1842. This year I traversed again all the difficult part of that 
glacier, and took angles with the theodolite from the upper part 
of the basin, immediately under the Aiguille du G4ant. But 
as these observations can have little interest until reduced into 
the form of a corrected edition of the Map, I shall say nothing 
of them here.t 

It will be recollected by some of your readers that a re- 
markable stone called "La Pierre platte,"} was one of the 

• Edinburgh New Pbiloaophical Journal for January I80I. 

+ [These corrections were introduced into the new edition of my Mapaftbe JUer 
de Oliox (iucluding also tbe Glacier of BoaaonB), accompanying the mnall abridg- 
ment of my " Travels," publiahed in 1855 by Messrs. Black under the title of " Tour 
of Mont Blanc and of Monl« Ilaea."] 

t Lying on the BTtr^e of the GiacUr de Liehaud (in the upper part of the 
Mer de Qtnee), and carried along by the mnlion of Ihe ice, II is marked C in my 
Map of the Glaciers, 
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^HurlieBt points whose positiou was ascertained bjr me in 1843. 

^■^tB daily motion was watched by me during that eummer,* and 
its annual motion was ascertained by renewed obeervationa in 
1843, 1844, 1846, and again this year. 1 measured the dis- 

•tance along the ice from the ori^al position of the " Pierre 
^tte" on the 27th June 1842 (ascertained by reference to 
fixed marks on the rocks) to its position on the 12th July 1850. 
and found it to be 2520 feet. But of this distance, 1212 feet 
had been travelled at my previous observation on the 21st July 
1846, leaving 1308 feet during the last four years against 1212 

tthe first four. When more accurately stated and compared, 
! mean annual and daily motions will stand as follows : — 
e 



Stfl 



1081 
328'S 



'e cannot infer, with absolute certainty, that the slight increase! 
of velocity here noticed since 1844 is due to a change in the 
conditions of the glacier (although I believe that the recurrence 
of several snowy seasons and the very marked increase of the 
volume and extent of the glacier during these years woiJd pro- 
duce such an effect), because it has moved nearly half a mile 
firom its position when iirst observed, and the part of the glacier 
on which it now lies may be subject to different accelerating 
and retarding causes. 

» It is mentioned in my Thirteenth Letter, page 4, that I 
§ttarked a fine solitary block towards the centre of the Mer de 
0-lace, opposite " Les Fonts," with the letter V in 1846, and 
that I took angles for fixing its place with reference to the ad- 
jacent rocks. It was then about 760 feet distant from the west 
bank. I had little difficulty in recognizing the block in 1850, 
although it had travelled a great distance, and was considerably 
lower than the Moutanvert. It had preserved it« parallelism 
to the shore, for 1 found it at almost the same distance from 
the west bank as at first ; and by measuring carefully along the 
Bde of the glacier, I estimated it» progress in (our years, froi 

■ Tmali in tb> Alp* of g^tay, Id >iljll<'ii, |i- IflW. !4D, 
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SOtli July 1846 to 13th July 1850, at 3255 fe«t. This gives, 
j for the mean motion in 365 days, 822*8 feet, or the mean daily 
I motion 27'05 ini:heB, which is remarkahly large. Its poBition 
I is very near the point of one of the " dirt-bands," but a little 
I nearer the western hank. It lies, however, on the band. 

I shall now ^ve the sequel of my guide Augusts Balmat's 
I observations on the motion of the Glacier des Bois {the outlet 
of the Jler de Glace), and of the Glacier des Bossons, since the 
I period to which the table in my Fourteenth Letter extends,* which 
will be found to embrace continuous obaervations, by periods of 
I a few weeks from the 2d October 1844 to the 21at November 
1845. They were continued in like manner nntil the 19lh 
February 1846, when they were mterrupted by Balmat's illness, 
which was accompanied by inflammation of the eyes. But in 
October of the same year they were resumed, and were con- 
tinued without intermission until the end of June 1848, em- 
bracing altogether a period of nearly four years, with only eight 
months' intermission. It is necessary to observe that the 
station on the glacier of Bossons was altogether changed after 
the above mentioned interruption, being transferred from the 
west to the east side (in the same region of the glacier), and it 
was 340 feet from the bank. The station on the Glacier des 
Bois was almost unchanged [?], and was about 280 feet from the 
north bank, between the Cote du Piget and the acclivity of the 
Chapeau. I have added a column giving the mean of the tem- 
peratures of the several periods of observation, carefully calcu- 
lated from the published observations at Geneva and the great 
St. Bernard, on the same principle as I have fully explained in 
my Fourteenth Letter above referred to.f The comparisons of 
the temperature and the rate of motion lead to conclusions 
similar to those which I have drawn in that paper from the 
earlier observations, the general observation always holding that 
the acceleration in spring is in a greater proportion to the tem- 
perature than at any other season of the year, on account of 

• [Borrowed from the paper in the Pbilosopbical Transactions, reprinb 
page 138 of tWa toIudib,] f [See rather p. 131 alio»e.] 
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the great influence of the melting snows in imparting flmdity to 
the glacier masses. I do not mean that the ctMnpaiiacm leads 
always to consistent results. I do not think that the canses 
of the comparative acceleration of one glacier and retardation 
of another have yet been deaily brought out, though I conceive 
that accurate local observations, combined with such measure- 
ments, would gradually but surely unveil them. Nor do I 
mean to afi&rm that measurements made with so much labour 
and trouble, ^d under circumstances even of personal danger 
at certain seasons of the year, are irreproachable in point of 
accuracy. I think it even probable that oversights have oc- 
curred; but I have very strong reason for confiding in the 
absolute fidelity with which the observations have been made 
and transmitted to me. Circumstances have transpired since 
my last publication which increase this confidence ; and I should 
be ungrateful if I did not once more publicly acknowledge, 
whilst giving to the world the sequel of observations made 
under such circumstances that their resumption is scarcely pro- 
bable, the lasting obligations which I owe to the zeal, fidelity, 
and disinterestedness of my worthy though humble friend and 
guide. 
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TABLE shewing thi mean daUy motion in inches of t/ie Glaciers of Chamouni, 
n Balmafa Obiereaiiona, and continued Jrom [page 1 
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In my former Letters I have taken occasion to mention 
experimentB and observationa which have occurred from time 
to time of a nature to confirm the fundamental hypothesis of 
the quasi fluidity of the ice of glaciers on the great scale, and 
I cannot doubt that these incidental remarks have tended to 
diminish the natural incredulity with which that theory waa at 
first received in some quarters. I have now to cite a fact of 

* Mean of Oeaeva and Groat St. Bernard, 

\ [There ib much reason to think that Balmat, in entering or traDacHbing these 
obaervfttionB, has put those on the Glacier du Bois in place of thoaa on the Glacier 
dee Boaaona, and vice versa. It would farthor appear that the renewal station on 
'lacier dea Boia, after the intermptioD of the observatiani, did i 
je with the old one, aa it shows n smaller aunnal fluctuation of 'el 
ate to page 139,] 
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the same kind established by a French experimenter, M. 
Person, who appears not to have had even remotely in his 
mind the theory of glaciers when he announced the following 
fact, viz. : — That ice does not pass cArupUy from the solid to 
the fluid state : That it begins to soften at a temperature of 2' 
centigrade below Its thawing point; that consequently between 
28°'4 and 32° of Fahrenheit, ice is actually passing through 
various degrees of plasticity, withui narrower limits, but in the 
flame manner that wax, for example, softens before it melts. 
M. Person deduces this from the examination of the heat 
requisite to liquify ice at different temperatures. The following 
sentences contain hia conclusions in hia own words : — " H 
parait d'apres mes experiences que le ramollissement qui 
precede la fusion, est circonscrit dans une intervalle d'environ 
2 degres. La glace est done un des corps dont la fusion est 
la pluB nette ; mais cependant le passage de I'etat solide & 
I'etat liqaide s'y fait encore par degres, et non par un sant 
brusque."* 

Now it appears very clearly from M. Agassiz' thermome- 
trical experiments, and from my own observations, that irom 
28° to 32" Fahrenheit is the habitual temperature of the great 
mass of a glacier ; that tbe most rigorous nights propagate 
intense cold to but a very small depth ; aud I am perfectly 
convinced that in the middle and lower regions of gli 
which are habitually saturated with water in summer, the 
interior is little, if at all, reduced below the freezing point, 
even by the prolonged cold of winter ; it would be contrary to 
all just theories of the propagation of heat if it were otherwise, 
when we recollect [that] the enormous mass of snow which such 
glaciers bear during the coldest raontba of the year is a cover- 
ing sufficient to prevent any profound congelation in common 
earth ; and admitting that ice is probably a better conductor 
of heat than the ground, it is quite incredible that a thictness 
of many hundred feet of ice, saturated with fluid water, should 
be reduced much below the freezing point, or should even 
» Compfe* Rendta, 29th April 1850. 

4 
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be frozen throughout. And that it is not [so irozen], the 
striking testimony of the continued Btream of water iesning all 
winter from under the ice can hardly fail to convince us ; adll 
more, the circumstance mentioned in my Fourteenth Letter, 
that even in the month of February the source of the Arveiron 
becomes whitish and dirty as in summer, before a change of 
weather, proving (as I have there remarked) that " in the 
middle of winter a temporary rise of temperatiu^ over the 
higher glacier regions (which is the precursor of bad weathw) 
not only produces a thaw there, but finds the usual channels 
still open for transmitting the accumulated suow-water." * 

It thus appears quite certain that ice, under the circum- 
stances in which we find it in the great bulk of glaciers, is in 
a state more or less softened even in winter ; and that, during 
nearly the whole summer, whilst surrounded by air above 32°, 
and itself at that temperature, it haa acquired a still greater 
degree of plasticity, due to the latent heat which it has then 
abBorbed.t 



I have mentioned that the observations of this and some 
previous summers have enabled me to extend the survey of 
the valley of Chamouni beyond the limits to which my Map 
was originally confined, I have also obtained a great number 
of approximate altitudes of all the highest summits of the chain 
of Mont Blanc, from the extended base which the distance from 
the Mont Breveu to the Croix de Flegere (above 15,400 feet) 
has afforded me. But the results are as yet only partially 
calculated. I have also made some additions to our knowledge 
of the geography of the eastern part of the chain of Mont 
Blanc, by examining the Glacier of La Tour in its whole 
extent, which proved the configuration of the mountains to be 
different from what has been represented on all the maps and 
models which 1 have seen. The Glaciers of Argentiere and 



* [See p. 133| note, of tbia volume.] 
t [See note to Philoaophico) Transact 
\d aiao ilie paper following Ihis oue.J 
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Le Tour are separated throaghout hj a rocky ridge, but the 
Glaciers of Le Tonr and Trient all but unite at their highest 
parts, and the main chain is prolonged with scarcely a break in 
the north-east direction, sending off only a spur towards the 
Col de Balme, which, perhaps from being the political boundary 
of Savoy and Switzerland, has been represented generally on ' 
an exaggeratfid scale. What surprised me most, was the great 
elevation of the axis of the chain at the head of the Glaciers of 
La Tour and Trient. I found it barometrically to be 4044 feet 
above the chiilet of the Col de Balme, which, from five com- 
parisons made with the observatory at Geneva, is 7291 English 
feet, or 2220 metres above the sea, a result agreeing closely 
with the recent measurement by M. Favre, which is 2222 
metres. Adding this result to the former, we obtain 11,335 
English feet for the height of the granitic axis at the lowest 
point between the Glaciers of La Tour and Salena on the side 
of the Swiss Val Ferret. By a single direct barometrical com- 
parison with Geneva, I obtained 11,284 English feet above 
the sea, or 140 feet higher than the Col du Geant. I was suo- 
ceesfiil in traversing the Glacier of Salena to Oraieres the 
Bame day, a pass which baa not before been described, and 
which has this interest, in addition to the singular wildness of 
the scenery, that it includes those regions of beautiful crystal- 
lized protogine, here in situ, which have been known to geolo- 
gfiats hitherto chiefly from the numerous moraines which they 
form in the valleys of Ferret and of the Rhone, and especially 
the majority of the blocks of Monthey, which have been 
derived, according to M. de Bueh, entirely from this region of 
the Alps.* 

* [See a fuller account of thii paas in 
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XX. ON SOME PROPERTIES OF ICE NEAR ITS 
MELTING POINT.* 

During the last month of March 1 made some experimentB 
on the propertisB of ice near its melting point, with particular 
reference to those of Mr. Faraday, published in the Athenteum 
and Literary Gazette for June 1850,t to which attention has 
been more lately called by Dr. Tyndall and Mr. Huxley in 
relation to the phenomena of glaciers. 

Owing to indisposition, 1 have been obliged to leave my 
experiments for the present incomplete. But I am desirous, 
before the session of the Royal Society closes, to place on record 
some facts which I have observed, and also some conclusions 
which I deduce from these and other recent experiments and 
discussions, 

Mr. Faraday's chief fact, to which the term " regelation " 
has been more lately applied, is this, that pieces of ice, in a 
medium above 32 , when closely applied, freeze together, and 
flannel adheres apparently by congelation to ice under the s^ne 
circumstances. 

1. These observations I have confirmed. But I have also 
found that metals become frozen to ice when they are surrounded 
by it, or when they are otherwise prevented from transmitting 
heat too abundantly. Thus a pile of shillings being laid on a 
piece of ice in a warm room, the lowest shilling, after becoming 
Bmik in the ice, was found firmly attached to it. 

2. Mere contact without pressure, is sufficient to produce 
these effects. Two slabs of ice, having their corresponding sur- 
faces groimd tolerably flat, were suspended in an inhabited room 

• From the Proceedings of Ihe Rojal Society of Ediiiliurgli. 19th April 1868. 
f [The abstract of this cot□tDIltliI^(ltiutl bj Mr, Fnradn;, ao far ae it reltttcs to 
the properties referred to aboie not being other^ee coDTenieiitly acceuiUa, W 
ivpriated in Appendix II. to lUc pTeBent v<i\uuie.^ ^^^^_ 
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upon a horizontal glass rod pacing through two holes in the 
plates of ice, so that the plane of the plates was vertical. Con- 
tact of the even surfaces was obtained by means of two very 
weak pieces of watch-spring. In an hour and a half the cohe- 
sion was BO complete, that, when violently broken in pieces, 
many portions of the plates (which had each a surface of 20 
or more square inches) continued united, In fact, it appeared 
as complete as in another experiment where similar surfaces 
were pressed together by weights. I conclude that the effect 
of presBure in assisting " regelation" is principally or solely due 
to the larger surfaces of contact obtained by the moulding of the 
surfaces to one another. 

3. Masses of strong ice, which had already for a long time 
been floating in unfrozen water-casks, or kept for days in a 
thawing state, being rapidly pounded, showed a temperature of 
0''"3 Fahrenheit below the true freezing point, shown ly deli- 
cate thermometers (both of mercury and alcohol), carefully 
tested by long immersion in a considerable mass of pounded ice 
or snow in a thawing state. 

4. Water being carefully frozen into a cylinder several 
inches long, with the bulb of a thermometer in its axis, and the 
cylinder being then gradually thawed, or allowed to lie for a 
considerable time in pounded ice at a thawing temperatiu-e, 
showed also a temperature decidedly inferior to 32", not less, I 
think, than O^'SS Fahrenheit. 

I think that the preceding results are all explicable on the 
one admission, that Person's view of the gradual liquefaction 
of ice is correct {Comptes Rendus, 1850, vol. xxx. p. 526),* or 
that ice gradually absorbs latent heat from a point very sensibly 
lower than the zero of the centigrade scale. 

• QnoWd bj me in 1851, in my Bixteanth lettor on GlncierB [p. 225 aTjovc]. — 
[Sea alao Ihe anticipation of tLe fact in my paper of 1846, nolo to psge i5fi of this 
volotne. Even in 1851 I wua unacquainted with Mr. Faraday's experiment, the 
pablicatioD of whicli wae, ao far aa I know, coQfitied to the journals quoted at page 
238. As I was in Oermany at the time, they naturall; eacnped mj cotiae. To 
raoifitote raforence to Mr. Faraday's obacrration. I hate, as aheady meutioiied, 
tboaght it well lo reprint the reiwrlofil in ihe Appendix,] 
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I. This explains the permanent lower temperature of the 
interior or ice. 

Let AB be the surface of a block of ice contained in water 



a' »^^^ 



at what is called a freezing temperature. That temperature is 
marked by the level of the line QP above some arbitrary zero. 
LM is, in like manner, the permanent but eomewbat lower tem- 
perature poHsessed by the inteiior of the ice. The space, partly 
water, partly ice, or partaking of the nature of each, MNOP, 
has a temperature which varies from point to point, the portion 
NO corresponding to what may be called the physical surface 
of the ice between AB and ab, which is " plastic ice," or " viscid 
water," having the most rapid variation of local temperature. 

II, Such a state of tempo ratitre, though it is in one 
sense permanent, is so by compensation of effects. Bodies of 
different temperatures cannot continue so without interaction. 
The water must give off heat to the ice, but it spends it in an 
insignificant thaw at the surface, which therefore wastes eoen 
though the water he what is called ice cold, or having the tempe- 
rature of a body of water inclosed in a cavity of ice.* 

* I iacHae U) think that water, in theee circtuaBttuices, msy, though gniroiuided 
h; ice, havu a, Gxed temperature eomenhat higher tbou what ig called 32>, But 1 
have not jet had an opportunity of verifying the conjecture. 

(My idea is, that tho invaeion of cold from the surrounding ico is spent iu 
producing a very gradual " regelation " in the water wluch tonchea the ico, lesTing 
the interior water in possession of its full dose of latent heat, and aleo of a (empero- 
ture which may slightly exceed 32°. By similar reasoning, a small body of ice, in- 
closed Id a large mass of water, will prcserce its proper internal temperature beloa 
32* ; hu(, instead of regelation taking place, the surface IB beiiig gradually thawed. 
This is the case oonteni plated in the paragraph of the teit to whiuh this note refers.} 

N.B. — The tvoTib in bracieU mere addttl to this note during praaing. iStk 
May 1858. 
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^^^^ This waste has yot to be proved ; but I have little doubt 
I ^ of it ; and it is confirmed by the wasting action of superficial 
streams on the ice of glaciers, though other circumstances may 
also contribute to this effect. 

III. The theory explains " regelation." For let a second 
I plane surface of ice A'B' be brought up to nearly physical contact 

with the first surfaee AB. There is a double film of " viscid 
water" isolated between two ice surfaces colder than itaelf. 
The former equilibrium is now destroyed. The films AB ba and 
A'B' h'a' were kept in a liquid or semi-liquid state by the heat 
communicated to thera by the perfect water beyond. That is 
now removed, and the fihn in question has ice colder than itself 
on both sides. Part of the sensible heat it possesses is given to 
the neighbouring strata which have less heat than itself, and 
the intercepted film of water in the ti-aneition state becomes 
more or less perfect ice. 

Even if the second surface be not of ice, provided it be a 

bad conductor, the effect is practically the same. For the film 

of water is robbed of its heat on one hand by the colder ice, and 

the other badly-conducting surface canuot afford warmth enough 

^w'to keep the water liquid. 

B^B This effect is well seen by the instant freezing of a piece 

^^^if ice to a worsted glove even when on a warm hand. But 

metals may act so, provided they are prevented from conveying 

heat by surrounding them with ice. Thus, as has been shewn, 

metals adhere to melting ice. 

l^ik April mbS, 
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XXI. ON GLACIERS IN GENERAL* 

Glacier is a name given to masses of ice which descend from 
snowy mountains into the adjacent valleys, where they attain a 
level often far below the upper limit of the surrounding vegeta- 
tion. The following are the eynonymea for a glacier in h 
different languages and dialects. In French, glacis / Gen 
gletscher ; Italian, ghiacciaja ; Tyrolese, fern; in Carinthia, 
kass ; in the Vallais, biegno ; in part of Italy, vedretto ; 
Piedmont, ruize/ in the Pyrenees, semeilhj in Norway, iiabrtB 
or tishrede ; in Lapland, geikna or jegna ; in Iceland, johuU or 
fall-jokull. 

The characteristic appearance of a glacier can be nowhere 
better studied than in Switzerland and Savoy. The icy mass 
of the glacier of Bobsoqb at Chamouni — which descends imme- 
diately from the highest part of Mont Bianc, but lies, summer 
and winter, in the valley at a height above the sea of no more 
than 3500 English feet (the height of perpetual snow being about 
9000 feet), where it is embosomed amongst luxuriant wood, and 
is almost in contact with corn-fields — exhibits a spectacle which 
none who have once seen it can forget, and which attracts more 
interest and curiosity the more carefully it is considered. The 
lower glacier of Grindelwald, descending to 3400 feet, is another 
familiar example of the same phenomenon. In the Arctic 
regions true glaciers also exist, which, descending the valleys 
(often of great width and Jittle inclination), enter the sea, and, 
breakuig off, supply the floating ice-islands or icebergs which 
frequently drift into comparatively low latitudes. These glaciers 
do not essentially differ from those of alpine countries. 

■ Being iLe iirlicle "Glacier'' in tlie 6tb editiun at tbe Eiic>jdo}i<cdia Sn'lan- 
UM, pablibhed in IS^. 



234 



ON GLACIERS IN GENERAL. 



The dimiaution of temi)eratiire as we ascend the slopes of 
mountains, as indicated by succeBsive zones of vegetation, and 
finally by the occurrence of perpetual snow, is stated and ex- 
plained in other articles,* and therefore may be assumed here. 
Thus, in the high mountains of the Andes and Himalaya, be- 
tween the tropics, the commencement of perpetual snow is 
found at from 15,000 to 18,000, or even 19,000 feet, according 
to circumstances; whilst in southern Europe the level is from 
8000 to 9000 feet, and in Norway from 5500 to 3000 feet, ac- 
cording to the latitude and the distance from the sea. It was 
first shown by Baron Humboldt and Von Buch that the limit of 
perpetual snow depends principally on the temperature of the 
summer, and not upon that of the whole year. 

It has been already explained that an accumulation of snow, 
even frozen snow, does not constitute properly a glacier. A 
glacier is a mass of ice, having its origin in the hollows of 
mountains where perpetual snow accumulates, but which makes 
its way down towards the lower valleys, where it gradually 
melts, and it terminates exactly where the melting, duo to the 
contact of the warmer air, earth, and rain of the valley — compen- 
eates for the bodily descent of the ice from the snow reservoirs 
of the higher mountains. From this it is evident, without 
any formal measurements, that a glacier is ice in motion 

DNDEB GKAVITY.t 

Geographical Distribution of Glaciers. — Glaciers are not 
peculiar to any country or region of the earth. It may be that 
there are extensive snowy mountains wholly devoid of them, as 
is supposed to be the case in tropical South America ; but even 
this exception requires confirmation. There are peculiarities in 
the form of mountains, and still more in climate, which, as we shall 
see, favour the formation of glaciers, or may even totally pre- 
TCnt it. 

' Eneydopisdia Eritaaidca, ftrtiolaa "CHmttte," "Phjeiual Qeograph;," and 
" BataDjr," Part III, See also Joboeton's Phygical Allot, article on " Gliuier^" I 
the preaont writer, 

■f [Tha worfs " nndor gravity," whioli give grcutor preuiBioi) to the dcBnilill 
exdudiog icebergs, arc added in thif rcptiut.] 
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K Although it ja ouly of late years that glaciers have been 
erally acknowledged to exist in the Himalaya, the deBcrip- 
tiona given many years ago by Captain Hodgson of the soiuce 
of the Ganges could leave no doubt as to the fact on the mind 
of any one familiar with the glaciers of the Alps. " The 
Bbagiruttee or Ganges," he wrote in 1817, " issues from under 

a very low arch at the foot of the grand snow-bed 

Over the dehouche the mass of snow is perfectly perpendicular, 
and from the bed of the stream to the summit, we estimate tlie 
thickness at little leas than 300 feet of solid frozen suow, pro- 
bably the accumulation of ages. It is m layers of some feet 
thick, each seemingly the remains of a fall of a separate year."* 
The level of the source of the Ganges is 12,900 feet, and the 
chief error of this description is in the interchange of the word 
sTtow for ice, and in the absence of a clear perception that the 
ice could not have always lain there, some thousand feet below 
the anow-line, but must have travelled progressively down the val- 
^^^Jey, producing the phenomena of rents and superficial rubbish- 
^^HkBaps which Captain Hodgson describes in another paragraph. 
^^^K For many years after 1817 the glaciers of the Himalaya, if 
mentioned at all, were so under the false name of snow-beds, 
and their relations to physical geography were wholly neglected. 
This arose from the imperfect education of those clever men 
who have at different times explored our Indian possessions, 
who being chiefly bred in that remote hind, had little acquaint- 
_4ince with the scientific literature of Europe, and still leas with 
B physical features. Scarcely any of our Himalayan travellers 
1 previously visited the Alps. 
It is since 1840 that we have acquired more correct infor- 
as to the glaciers of India. Mr. Vigne, in his interesting 
•aveU in Kashmir, has described the perfectly characteristic 
jatures of the glaciers of some of the sources of the river 
i occurring in the territory of Little Thibet, about lat. 
Colonel Madden and Captain Richard Strachey directed 

' Atiatio Beieaivhet, vol. siv., quolod in Coplnin R. Strauhcj's pnpcr lited 
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«tt«ntion to the glaciers of the central Himalaya (Kuinaon) at 
I tiie source of the rivera Pindur and Kuphinee, in lat. 30" 20', 
> at the level of 11,300 and 12,000 feet respectively, the height 
of the BDOw-line being there aboat 15,000 feet* The pheno- 
mena and mode of progression of these glaciers, as noted by 
Captain B. Strachey, appear to be identical with those winch 
we shall presently describe as characteriatic of those of Europe. 
Farther in the interior of the same chain, Dr. Thomas Thomson 
has lately described f nnmeroiis glaciers filling valleys of the 
central Himalaya (particularly that on the north side of the 
Bardar or Umaai pass, lat. 33°, 20', long. 76^" E.), which pro- 
bably exceeds in size any other yet described. Dr. Joseph 
Hooker, in his interesting Himalayan Jounials, has described 
in detail the glaciers of the eastern portion of the same range 
in the territories of Sikkim and Nepaul, where the gigantic 
mountain Kiuchinjunga rears its head to 28,178 feet above the 
flea, whence the ice descends (he states) in one nnbrokeo mass 
of 14,000 feet of vertical height to the source of the Thlonok 
river. Both Dr. Thomson and Dr. Hooker concur in ascribing 
to the Himalayan glaciers a formerly much greater extension 
towards the plains of India, which has left geological evidence 
of their former sojourn in the lower valleys, in the masses of 
transported rock and rubbish there accumulated. Thus, instead 
of glaciers being rare or unexampled phenomena in the east, 
. was at one time supposed, we find them developed on a 
scale commensurate with that of the stupendous mountains with 
which they are connected, and that from one end to the other 
of the Himalayan range. 

Passing over the less important glaciers of the Caucasus and 
Altai, we come to the glaciers of Europe, which are priucipaliy 
confined to two great mountainous districts, the Alps and the 
high lands of Norway. 

Referring for minute topographical details to the works 
which have been published more particularly in connection with 

* Joamal of the Aaiatk Society of Sevgal, voi, ivi. fart 2. 

f Western Himalai/a aiid IBe«, etc. b; Thomas ThameOD, M.D., Loodon, 1653- 
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the subject, and with those countries* we may state generally, 
that wherever (in Europe] any considerable area of tnouDtaioouB 
country rises above the snow-line, there glaciers are found in 
more or leBs abundance. In the Alps this level is, on an average, 
about 7200 feet, including glaciers of all descriptions (Schlagint- 
weit). The great glaciers have of course the lowest mean level. 
Of these there are, on the same authority, sixty in the whole 
Alpine chain. Glaciers commence on the Bouth-westcm pro- 
longation of the chain in the region of Mont Pelvoux and Monte 
Viso (lat. 45'), and they extend on the N.E. to the Grose 
Glockner in Carintliia. The best knoiv-n and most important 
glacier-bearing groups in the interval are those of Mont Blanc, 
Monte Rosa, the Bernese Alps (Finsteraarhom and Jungfrau), 
and the Oertler Spitz in the Tyrol. The moat considerable in- 
dividual glaciers are the Mer de Glace of Chamouni, the Gomcr 
Glacier near Zennatt (Monte Rosa), the Lower Glacier of the 
Aar (Bernese Oberland), the Aletsch Glacier and Glacier of the 
Rhone (Vallais), and the Pasterzen Glacier (Carinthia), Of 
these, the first, third, and last, have been made the subjoct^ of 
the most carefiil surveys and observations. 

In Great Britain no mountain fully attains the height of the 

v-line, consequently there are no glaciers. But patches of 

iw, with a more or less icy structure, remain through Uio 
summer in the clefts of some of the Scottish bills. Geological 
appearances, however, strongly indicate the former existence of 
glaciers, especially in Scotland and Wales. 

In Norway we find two principal groups nf glacier-bonring 
mountains — those in the Bergenstift and those within the arctic 
circle. The former were well described by M. Diiroclier.t 
The present writer, in a recent work,t has detailed his observa- 
tions on most of them, has given an enumiiratlon of all tho 
known glaciers of Norway, and has compared their conditions 
and structure with those of the glaciers of tho Alps. Of the 

• Gruner'a snd De SaiiBBuro's Travel* in the Alps; Forlie"'" Trnvel* it 
Alpi of Savoi/ ! AgaBBiz, ElTide» (ur k» Glarlin-i! Iliigi, Alpenreitei Buhll 
It, Untersuehmtgen; and Johnalon'B Fhyiical Allot. 

-)- vlnntifea da Miiti, 41L serisB, torn. Zli. 

% Forbei'a Nantay and it* Olaoitri viuted w IBBI. 
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group, those of Jiiatedal are the best Inio\vii, and 
probably the IwBt worth visiting. Jnstfldal is connected with 
the inmost ramification of the intricate Sognefiord. On the 
FjierlandBfiord, another branch of the same inlet, two important 
glaciers are found, one of which terminates only 105 feet above 
the sea level, in lat. 61°. The Hardanger fiord, somewhat 
farther south, presents one fine glacier, the Bondhuusbrje. The 
more northern group of Norwegian glaciers commences at 
Fondal, joat within the limits of the arctic circle, where nume- 
rous glaciers descend ataiost to the sea level. About lat. 70", 
on the promontory of Lyngen, are aeveral glaciers, and in the 
neighbouring Jokulsfiord is one which is stated actually to enter 
the sea, and to break off in miniature icebergs. About the 
North Cape the mountains are not sufficiently high to afibrd 
any perpetual snow. 

Iceland, with a summer temperature far inferior to that of 
Norway, abounds in glaciers, which, however, have not been 
very particularly described. Those of Swina-fels and Holaar 
are stated to be large and characteristic. 

The glaciers of Spitzbergcn have been minutely described 
by Dr. Scoresby * and by M. Martins-f They appear to be 
essentially of the same nature, and subject to the same laws as 
those of Switzerland, but modified by the depression of the 
snow-line, and the extreme shortness of the summer. The 
texture is lees icy, the rate of progression probably slower. As 
the superficial fusion is not great, they descend in vast sheets 
into the waters of the sea (as at Magdalena Bay), where they 
form icebergs. The western coasts of Greenland appear to 
offer the same phenomena, but on a grander scale, 

The interior of arctic North America has too even a surface, 
and perhaps too dry and rigorous a climate, to present glaciers 
in perfection. 

In South America, about lat, 47°, where the climate is one 
of the worst in the world, numerous glaciers, resembling probably 
those of Iceland, have been described by Captain King and Mr, 
Arctic Begione, vol. i, f Bibliothiqus UniverstUe, 1840. 
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Dai'win. Sir James Clark Roas, in hia antarctic voyage, has | 
described and represented by admirable views the stupendouB ■ 
icy barriers which fringe the coast of the inhospitable sonthem 
continent. 

After reviewing the descriptions of glaciers in all regions of 
the world, we recur to those of the Alps as presenting all the 
characteristic features of glaciers in perfect development, and 
under circumstances the most convenient for study. 

General Phenomena of Alpine Gfladers.—ThQ manner in 
which a glacier protrudes itself into a valley, far below the level j 
of perpetual snow, has been already mentioned. The inference 
being obvious, that since it is continually melting (during sum- 
mer) in all its parts, yet retains its general form and place, the , 
waste below must be supplied by the continual advance of the 
glacier forwards and downwards, we shall consider in the mean- 
time the moHon of the glacier as an established fact to which ] 
we shall afterwards devote a separate and special discussion, i 
It very frequently happens that the termination of the greater j 
glaciers takes place in an alluvial flat in the bottom of a L 
alpine valley (as in the glaciers of the Mer de Glace, Brenva, j 
Rhone, Lower Aar, and those of Grindelwald). From a vault i 
in the green-blue ice, more or less perfectly formed each summer, , 
the torrent issues, which represents the natural drainage of the ' 
valley, derived partly from land-springa, partly from the fusion ] 
of the ice. That of the Arveiron, near Chamouni, is perhaps | 
the best known, but almost every glacier possesses such a vault 

Most usually the glacier terminates amidst a wilderness of \ 
Bt-ones borne down upon its surface and deposited by its fusion. '. 
Sometimes these blocks aie heaped up iu mounds called moraines, 
which, when in front of the lower end of a glacier, are called 
its terminal moraines, and mark in a characteristic and certain 
manner the greatest limit of extension which the glacier ha 
any one time attained. Sometimes a glacier is seen to have | 
withdrawn very far within its old limits,, leaving a prodigious ( 
barren waste of stones in advance of it, which, being devoid of | 
soil, noiu'ishes not one blade of grass. At other times the j 
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glacier pushes forward its margin beyond the limit which it has 

ever before reached (at least within the memory of man), teaiB 
lip the ground with its icy ploughsliare, and shoves forward the 
yielding turf in wrinkled folds, uprooting trees, moving vast 
rocka, and scattering the walls of dwelling-houses in fragments 
before its irresistible onward march.* i 

The lower end of a glacier is usually steep ; sometimes 
with a dome-shaped unbroken outline, more frequently broken 
up by intersecting cracks into prismatic masses which the con- 
tinued action of the sun and rain sharpen into pyramids, often 
assuming (as in the Glacier of Bossons at Chamouni) grotesque 
or beautiful forms. 

The united or crevassed condition of the glacier generally 
depends almost entirely on the slope of its bed. If it inclines 
rapidly, numerous transverse fissures are formed owing to lie 
imperfect yielding of the ice during its forced descent along its 
uneven channel. These cracks often extend for hundreds of yards, 
and may be hundreds of feet in depth ; but their greatest depth 
is not accurately known, since they are rarely quite vertical. 
In many cases, however, the crevasses are comparatively few in 
number, and the glacier may be readily traversed in all direc- 
tions. This is especially the case if a glacier of considerable 
dimensions meet with any contraction in its course. The ice 
is embay-ed and compressed, and its slope lessens, just as in the 
case of a river when it nears a similar contraction preceding a 
fall. Such level and generally traversable spaces may be found 
about the middle regions of the Mer de Giace, the Lower Glacier 
of Griudelwald, the Lower Glacier of the Aar, and in many other 
cases. The last-named glacier is perhaps the most remarkably 
even and accessible of any in Switzerland. The elope of its 
surface is in many places only 3 . The Pasterzen glacier in 
Carinthia is even less inclined. It is in such portions of a 

■ Such a endden and disaxtrouB incre&Bp took place in manj of the glnuiers of 
Switzerland and Savoy in 1818 (ocoasioning the cataetrophe of the Vul do Bagnes), 
and in thoBa of tliB BetgenBtift in Norway about 1740, The retreat of a glacier far 
within ita old morainea is well exemplified in moBt of the glaciers of the latter 
countiy, and eapcciallyin that ofNyganrd. 
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glacier that we commonly find internal cascades^ or " moulins/* 
These arise from the superficial water of a glacier being col- 
lected into a considerable mass by a long course over its un- 
broken surface, and then precipitated with violence into the first 
fissure it meets with. The descending cascade keeps open its 
channel, which finally loses the form of a fissure, presenting 
that of an open shaft, often of immense depth. 

Nearly connected in their origin with the internal cascades 
are the gravel conesy occasionally seen on the surface of glaciers, 
which appear to be formed in this way : — a considerable amount 
of earthy matter derived by the superficial water-nms from the 
morainey accumulates in heaps in the inequalities of the ice, or 
at the bottom of the " moulins." As the glmner surface wastes 
by the action of the sun and rain, these heaps are brought to 
the surface, or rather the general surface is depressed to their 
level If the earthy mass be considerable, the ice beneath is 
protected from the radiation of the sun and from the violent 
washing of the rain ; it at length protrudes above the general 
level of the glacier, and finally forms a cone 'which appears to 
be entirely composed of gravel, but is in fact ice at the heart, 
wilJi merely a protecting cover of earthy matter. Those singu- 
lar cones are very well seen on the Glacier of the Aar, but on 
most others they are comparatively rare. 

The similar protective action of large stones detached from 
the moraines and lying on the surface of the ice often produces 
the striking phenomenon of glacier tables. Stones of any consi- 
derable size almost invariably stand upon a slightly elevatiMl 
pillar of ice ; but when they are broad and flat they occasionally 
attain a height of six and even of twelve feet above the general 
level. A striking instance has been described and drawn in my 
Travels in the Alps of Savoy. 

To this peculiar tendency of glaciers apparently to elevate 
heavy and opaque bodies above their surface — in reality to have 
their surface depressed beneath them — ^is no doubt mainly owing 
the striking, and at first sight perplexing, fact, that stones or 
dirt are scarcely ever seen imbedded in the massive ice oi' 

It 
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glaciers. The Swiss peasants attribute to them an intrinsic 
power of rejecting impurities. The fact is, that year by year, 
and month by month, fresh thicknesses of virgin ice become 
revealed by the fusion of the surface. That ice, formed in 
the highest mountain hollows, never was or could be impure. 
The rocks and earth have fallen upon the surface since ; and, 
by the conditions which we have mentioned, once there, there 
they remain. Even those blocks which fall into the crevasses 
are usually arrested at no great depth, and by the general 
lowering of the glacier-surface, soon attain its level. 

The superficial waste of a glacier is thus a very important 
phenomenon. Owing to it the body of the ice has its vertical 
thickness rapidly diminished during the heats of summer, and, 
as we have already intimated, the lower end of a glacier has its 
position determined by the amount of this waste. Suppose a 
glacier to move along its bed at the rate of 300 feet per annum, 
and imagine (merely for the sake of illustration) its yearly 
superficial waste to be 20 feet : then the thickness of the glacier 
will diminish by 20 feet for every 300 feet of its length, or at 
the rate of 360 feet per mile ;* so that the longitudinal section of 
a glacier has the form of a wedge ; and however enormous its 
original thickness, after a certain course we must at length come 
to the thin end of the wedge, and that the more rapidily as the 
causes of melting increase towards the lower extremity. These 
causes are indeed so various that it is difficult to estimate them 
with accuracy. We have (1) the direct solar heat ; (2) the 
contact of warm air ; (3) the washing of rain. All these causes 
act on the surface, and produce the ablation of the surface. 
Besides these, the ice of the glacier wastes somewhat beneath 
by the contact of the soil and the washing of the inferior streams. 
This may be called its subsidence. Further, the natural slope of 
the rocky bed of the glacier causes any point of the surface to 
stand absolutely lower each day in consequence of the progres- 
sive motion. These three causes united produ(ie the geometrical 
depression of the surface. I have elsewhere shown how the 

* [ More correctly 352 feet per mile.] 
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^^^Hsral effects may usually be riiBtinguislied hy observation,* 
l^jJnring the height of summer, near the Montanvert, I found the I 
daily average ablation to be 3'62 inches, the daily siibsidenc-e to WJ 
1'63 inches. Seven-tenths of the geometrical depression are due, J 
therefore, to the former cause, and three-tenths to the latter. This j 
is a very large amount, and it is certain that during the colder j 
period of the year, and whilst the glacier is covered with snow, \ 
the subsidence is not only suspended, but that the glacier recruita I 
in thickness a portion of its waste during the season of summer I 
and atitumn. To this subject we shall again return- 
One point about moraines we have not yet mentioned. As 1 
we ascend any considerable glacier we almost invariably observe ' 
several parallel trails of debris extending throughout its length, 
and not mixing with one another. These medial moraines may 
in all cases be traced to a rocky promontory where two tributary 
glaciers have united. The rocky masses detached by frost and j 
rain which have rolled upon the mar^ of the confluent glaciers I 
are home along by the progress of each to the point of union. I 
But where the icy streams unite the trails of rock do so also ; 
and being continually retained on the surface by the causes we 
have mentioned, float, as it were, down the middle of the com- 
mon glacier, preserving throughout the distinctive character of I 
their origin. Four such medial moraines may readil}' be traced 1 
to their sources on the great Glacier of Chamouni ; but thel 
grandest specimen of a medial moraine is that on the Gflacier ofl 
the Lower Aar, effectively represented in one of the plates ilL'l 
M. Agassiz' work {Etudes sur Us Glaciers). 
I Tlie middle region of the great glaciers of the Alps extendBJ 

from the level of about 6000 to 8000 feet above the sea. The 1 
inclination is usually there most moderate — say from 2^° to 6', I 
But this is not invariably the case. Beyond 8000 feet we reach J 
the snow line. The snow line is a feet as definite on the surface. 1 
of a glacier as on that of a mountain, only in the former case it I 
• Eleventh Letter on Glnciera. Edinhirghi I%!loiopMait Joitmol, 1846. [B«-l 
printed in tho present volume,] OLsorvationa of the aLltttioo of the ioe have nliobeellfl 
's bj MM. MarticH and Agftssiz. The amount, of courae. depends nrntecially 
watevntion and expo)iuro of the glacier as weUnBDDlhe'vc&'Ai« x&^w 
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^H occurs at a somewhat lower level. It cannot be too distinctly 

^H onderetood tliat the fresh enow annually disappears from the 

^H glacier proper. Where it ceases entirely to melt, it of conrse 

^^M becomes incorporated with the glacier. We have therefore 

^^1 arrived at the region where the glacier forma; everywhere 

^^1 below it only wastes. This snowy region of the glacier is 

^H called in French nivS ; in German, Jim. As we ascend the 

^H glacier it passes gradually from the state of ice to the state of 

^H enow. The superficial layers become more snowy and white, in 

^H fact, nearly pure snow ; the deeper ones have more colour and 

^^M consistence, and break on the large scale into vast fragments, 

^^F which at Chamouni are called seracs. The niv^ moves as the 

I glacier proper does, and it is fissured by the inequalities of the 
ground over which it passes. These fissures are less regular 

^^ than those of the lower glacier. They are oftt^n much wider, 

^^L in fact, of stupendous dimensions, and being often covered with 

^H treacherous snowy roofs, constitute one of the chief dangers of 

^^B glacier travelling. The constitution of the n^iS may be well 

^^m studied on the Glacier du G^ant, a tributary of the Mer de 

H Glace. 

^H Th& mountain-clefts in which large glaciers lie, usually 

^H espand in their higher portions (in conformity with the ordinary 

^^T structure of valleys) into extensive bafius in which snow is per- 
petual, and which therefore contain the n4v^, the true origin and 
material of the glacier, which is literally the overflow of these 

^^- snowy reservoire. The amount of overflow, or the discharge of 

^^m the glacier — upon which depends the extent of its prolongation 

^^M into the lower valleys — depends in its turn on the extent of the 

^^M neW or collecting reservoir. Glaciers with small reservoirs, of 

^^m necessity perish soon. Their thickness is small, and consequently 

^^H the wedge of the glacier soon thins out. Such glaciers are com- 

^H mon in confined clefts of the higher mountains. Being destitute 

^H of reservoirs, they soon terminate abruptly. Such are the gh- 

^^^ ciers of ike second order described by De Saussure. They are 

^^H exceedingly numerous in all glacier-bearing chains of mountains, 

^^K hut from tlieir compaiative smallness and inacceesibili^, iUes 
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usually attract but little attentMHi. Their slope is often Teiy 
great — ^firom 2(f to 40'. 

Structure of Glacier Ice^ ami Diri-Barnds. — ^The ice of the 
glacier proper has a Terr peculiar structure, quite distinct from 
the stratification of the snow on the mSv^ the relics of its mode 
of depodt), and one which requires special notice. When we 
examine the appearance of the ice in the wall of an ordinary 
crevasse (especially if it be tolerably near the side of the glacier) 
we are struck with the beautiful vertically laminated structure 
which it commonly presents, resembling delicately-Teined mar- 
ble, in shades vaiyiug from bluish-green, throagh green, to 
white. It sometimes resembles the marble called in Italy ctjpo2- 
Uno. When we trace the direction of the planes constituting 
the laminated structure, by obserring them on the surface of the 
glacier (where they are usually well seen after rain, or in the 
channels of superficial water-runs), we find that where best 
developed (or not very £ai frtim the sides of the glacier) these 
laminae are nearly parallel to the sides, but rather incline from 
the shore to the centre of the ice stream as we follow the 
declivity of the glacier. ' 

The general aut-crcp of the veined structure may best be 
seized at a glance by means of a correlative phenomenon thus 
described by the present writer, who first observed it : — " On 
the evening of the 24th July (1842), the day following my 
descent from the Col du Geant, I walked up the hill of Charmoz 
to a height of 600 or 700 feet above the Montanvert, or 1000 
feet above the level of the glacier. The tints of sunset were 
cast in a glorious manner over the distant mountains, whilst the 
glacier was thrown into comparative shadow. This condition 
of half-illumination is far more proper for distmguishing feeble 
shades of colour on a very white surface like that of a glacier 
than the broad day. Accordingly, whilst revolving m my mind, 
during this evening's stroll, the singular problems of the 
world, my eye was caught by a very peculiar appearance 
surface of the ice, which I was certain that I now saw i 
first time. It consisted in a series of nearly hyperbolic bi 
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^^B, isb bonds on the glacier, the curves pointing downwards, 
^^K thu two branches miugluig indiecrlminateiy with 
^^1 morainex, presetitiug an appearance of wavct) some hundred feet 
^^H ajiart, and havmg, opposite to the Montanvert, the form which 
^^m I have attempted to show upon the map,* where they are repre- 
^^1 Beutod iu the exact figure and number iu which they occur. . . 

^^f I was satisfied, from tlie general knowledge which I 

I then had of tlie ' veined structure ' of the ice, that these coloured 

bands probably followed that direction." f Fartiier examination 

I confirmed thie conjecture, and showed that these superficial die- 
colorations in the form of excessively elongated hyperbolas are 
due to the recurrence {at intervals of some hundred feet along 
the course of the glacier) of portions of ice in which the veined 
structure ia more energetically developed than elsewhere, and 
where, by the decomposition of the softer laminaj, portions of 
sand and dirt become entangled in the superficial ice, and give 
rise to the phenomena of dirtr-handa, which thus at a distance 
display (though in a manner requiring some attention to discover) 
the exact course of this singular structure on the surface of the 
glacier. The annexed figure 26 displays the superficial form of 
tig. i:!i. Yii.iT. rig-sa. ^^H 

horizontally. Fig. 27 shows an ideal transverse section of 
the glacier ; and Fig. 28 another vertical section parallel to its 
length. These three sections in rectanguiai" planes will serve 
to give a correct idea of the course of this remarkable structure 
within the ice, but a more popular conception will be formed of 
it from the imaginary sections of a canal-shaped glacier in the 
annexed woodcut, Fig. 29. The structure of the compound gla- 
cier, originally double, becomes gradually single ; and tlie ^on(a? 
' Map of the Mer de Olsee of Cbamoani, etc., in Forbet's TroL'ehi in the Alpi, 
- in (he Tour of Manl Blana, etc. 

t TravtU in the A^ of Savoy, etc., 2d edit., p. 162. 
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dip of the lamiute at the loop of the borizoatal curves whidi iu 
the upper region of the gioder is oeariy vertical, gradually slopes 
tbrwarils, uutil, at the lower termination, it has a very slight dip 
Inwards, or, indet'd, niay be rererKd, and fall outwarda and 
forwards. The general form of a structoral lamina of a glacier 
rudely reBembles that of a spoMi, 

This structure and the accompanying dirt-bands have be^i 
recognised by different observers in ahnost all glaciers, including 
those of Norway and of India. The interval between the dirt- 
bauda has been ehown in the case of the Mer de Glace (and 
therefore probably in other cases) to coincide with annual rate 
of progression, and in the higher parts of the glacier (towards the 

) to be accompanied by wrinkles or inequalities of the sur- 

, which are well marked by the snow lying in them during 
B period of its partial disappearance.* 

The Motion of Ghdert, and iU causes. — The most charac- 
istic and remarkable feature of glaciers is their motion dowii- 




wds from the nev& towards the lower valley. The explanation 

• Fifth Letter on Qlaoiere. Edinburgh Philoaophiad Jriwnid, 1844 [reptinted 
iu the preeent toIiube] ; and TVauela in ihelAlpt, 2(1 edit. 
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of it 18 by far the moat important application of mccliauical 
physics connected with the subject. 

Obvious as the fact itself muat appear by what has beeii 
already stated, maoifcBt confusion has obtained in the minds of 
intelligent persons regarding it. Thus Ebel, in his well-known 
Swiss guide-book, afiirras the motion of the glaciers of Cha- 
monui to be 14 feet, and those of Grindelwald 25 feet in a year ; 
quantities which, if tliey have any meaning, muat refer to the 
apparent advance of the lower termination of those glaciers 
into the valley, which therefore only indicate the difference of 
the real motion, and of the waste in any particular season, and 
which may become null, or even negative, if the summer be 
more than usually warm. The peasants, however — wlio are 
inevitably made aware of the progressive motion of the ice by 
observing the progressive advance of conspicuous blocks on its 
surface — commonly ascribe to the glaciers the more correct 
measure of several hmidred feet per annum. 

M. Hugi, of Soleure, measured, with some accuracy, year by 
year, the progress of a conspicuous block on the glacier of the 
Aar, which he found to be 2200 feet in nine years, or about 
240 feet per annum.* M. Agassiz continued some of these 
annual measures, but only in a rough way, by causing his 
guides to reckon the distance of a block on the moraine by 
lengths of a pole or rod from a fixed rock some thousand feet 
off. These measures appear not to have been altogether trust- 
worthy. 

The principal theories to account for the progressive motion 
of glaciers which were prevalent previous to 1842, may be briefly 
characterised as De Saussure's and De Charpentier's, though 
eacli had been maintained in tunes long antecedent by the 
earlier Swiss writers. The first may for brevity be called the 
graviUition theory, the latter the dilalation theory. Both sup- 
pose that the motion of the ice takes place by its sliding bodily 
over its rocky bed, but they differ as to the force which ui^s 



• Ab«s, 
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rep the obstacles opposed by friction and tbe irregularities 
&.e surface on whicli it mo\'os. 
The following quotatiua from De SauHSure explains his 
) with his usual preiision : — " These frozen masseB, carried 
; by the slops of the bed on which they rest, disengaged by 
the water (urisiiig from their fusion owiug to the natural heat 
of the eaith) from the adhesion which they might otherwise 
contract to the bottom — Bometimes even elevated by the water 
— ^must gradually slide and descend along the declivity of the : 
valleys or mountain slopes {croupes) which they cover. It is ' 
this slow but continual sliding of the icy masses {des glacea) on 
their inclined bases which carries them down into the lower 
valleys, and which replenishes continually the stock of ice in i 
valleys warm enough to produce large trees and rich harvests."* 
Very eufficient objections have been urged against this theory. 
It is evident that De Saussure considered a glacier as an accu- 
mulation of icy fragments, instead of a great and continuous 
mass, throughout which the fissures and crevasses bear a small 
proportion to the solid portion ; and that he has attributed to 
tlie Bubgiacial water a kind and amount of action for which 
there exists no sufficient or even probable evidence. Tbe main 
objection, however, is this, that a sliding motion of the kind 
supposed, if it commence, must be accelerated by gravity, and 
the glacier must slide from its bed in an avalanche. The small 
slope of most glacier-valleys, and the extreme irregularity of 
their bounding walls, are also great objections to this hypothesis. 
The Dilatation theory ingeniously meets the difficulty of the 
want of a sufficient, moving power to drag or shove a glacier 
over its bed, by calling in the well-known force with which 
water expands on its conversion into ice. The glacier being 
traversed by innumerable capillary fissmes, and being in siun- 
mer saturated with water in all its parts, it was natural to 
invoke the freezing action of the night to convert this water 
into ice, and by the amount of its expansion to urge the glacier 
onwards in the direction of its greatest elope. In i 

* I'onagti dan* tei Al/i. bto. 535. 
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this, it is sufficient to observe, in the first place, tiiat duriug 
height &f Biimmer the portions of those glaciers which move 
fastest are never reduced helow the freezing point, and that 
even in the most favourable cases of nocturnal radiation pro- 
ducing congelation at the surface, it cannot (by well-known 
laws of conductioo) penetrate above a few inches into the in- 
terior of tbo glacier. Again, the aacertained laws of glacier 
motion are (as will be immediately seen) entirely adverse to this 
theory, as it ia always accelerated by hot weather and retarded 
by cold, yet does not cease even in the depth of winter.* 

It is singular how slow observers were to perceive the im- 
portance to the solution of the problem of glacier motion of 
ascertaining with geometrical precision the amount of motion 
of the ice, not only from year to year, but from day to day ; 
whether constant or variable at the same point, whether con- 
tinuous or by starts ; if variable, on what circumstances it 
depended, and in what manner it was affected at different 
points of the length and breadth of a glacier. 

This method of studying the question was taken up by the 
writer of this paper. His observations were commenced on the 
Mer de Glace of Chamouni, in June 18i2. Between the 26th 
and 27th of that month .the motion of the ice opposite a point 
called the " Angle" was found, by means of a theodolite, to be 
16-5 inches in 26 hours ; between the 27th and 28th, 17-4 
inches in 25J- hours ; and from about 6 a.m. to 6 p.m. on the 
28th the motion was 9-5 inches, or 17"5 inches in 24 hours ; 
whilst even the proportional motion during an hour and a half 
was observed. No doubt could therefore remain that the mo- 
tion of the ice is cotitirmous and tolerably uniform — in shoi"t, that 
it does not move by jerk-i. He also ascertained about the same 
time that the motion of the ice is greatest towards the centre of 
a glacier and slower at the sides, contrary to an opinion then 
mauitaiDed on high authority. He next found that the rate of 

* The fullest expoiltiou of the Dilnitalioii Thcoi; la to be round in De C[tBt. 
pontior, Estm no- lea Olaeteri (1S41), and Agusiz, Etiidet far la Otaciat 
0840). 
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motion varied at different points of the length of the same 
glacier, being on the whole greatest where the inclination of its 
surface is greatest. As the season advanced, he observed 
notable changes in the rate of motion of the same part of the 
ice, and connected it by a very striking direct relation with the 
temperatmre of the air. These facts were established during the 
summer of 1842, and promptly published. [See the first four 
Letters on Glaciers, reprinted in the present volume.] By means 
of occasional observations during the following winter and spring 
by his guide, Auguste Balmat of Chamouni, and by a more full 
comparison of the entire motion of a glacier for twelve months 
with its motion during the hot season of the year, another gene- 
rally received error was rectified : the motion of the glacier 
continues even in winter, and it has a very perceptible ratio to 
the summer motion. Last of all, it was found that the surface 
of a glacier moves faster than the ice nearer the bottom or bed.* 
These and some minor laws of motion are undoubted ex- 
pressions of the way in which glaciers move ; and having been 
successively confirmed by succeeding observers, seem to admit 
of but one expression in the form of an approximate theory, 
"A glacier is an imperfect fluid or a viscous body, which is 
urged down slopes of a certain inclination by the mutual 
pressure of its parts."t The analogy subsisting between the 
motion of a glacier and that of a river (which is a viscous 
fluid ; — were it not so, its motion would be widely different) 
will be best perceived by stating more precisely its laws of 
motion in order. 

1. Each portion of a glacier moves, not indeed with a constant 
velocity, but in a continuous manner, and not by sudden sub- 
sidences with intervals of repose. This, of course, is character- 
istic also of a river. 

2. The ice in the middle part of the glacier moves much 
faster than that near the sides or banks ; also the surface moves 
faster than the bottom. Both these facts obtain in the motion 

* Eleventh Letter. Edinburgh Philosophical Journcd, 1846. [Reprinted in 
this Tolume.] 

t Travels in the Alps^ p. 365. 
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of a river in coiiBeciueiice of the friction of the fluid on ite banks, 
and in consequence^ also of that internal friction of the fluid 
which constituteH its viscosity. 

Thus, in the case of a glacier, at four stations of the Mer 
de Glace, distant respectively from the west shore ol' the glacier 
100 230 305 365 yds., 
the relative velocities were . . I'OOO 1-332 1-356 1-367. 

3. The variation of velocity (as in a river) is moat rapid 
near the sides, whilst the middle parts move nearly uniforinly. 
This and the preceding laws are also fully brought out by the 
subsequent experiments of M. Agassiz on the Glacier of the Aar, 
and of MM. Schlagintweit on the Pasterzen Glacier.* 

4. The variation of velocity of a glacier from the sides to 
the middle, varies nearly in proportion to the absolute velocity 
of the glacier, whether that absolute velocity change in the same 
place in consequence of change of season, or between one point 
and another of the length of the same glacier, depending on it« 
declivity. (See (5) and (6) below.) These facts, clearly brought 
out in my observations of 1842, present a striking analogy to the 
phenomena of rivers, an observed by DubuaLf 

5. The glacier, like a stream, has its pools and its rapids. 
Where it is embayed by rocks it accurauiates, its declivity 
decreases,} and its velocity at the same time. When it passes 
down a steep, issuing by a narrow outlet, its velocity increases. 
Thus the approximate dechvities of the inferior, middle, and 
superior region of the Mer de Glace (taken in the direction of 

its length) are 15" 4i'' 8" 

and the relative velocities are as the 

numbers 1398 -574 -92; 



* See Mouaeon, GUttcker der Jetzt-zeU, p. 1S6. 

f Traits if Hi/drauiiqm, arts. 37, 49, 65. 

i fla tbo EncjolupteJiB, increaiet, apparently bj mistake.] 

§ Tbe abeolule velocity of a glacier depends Upon so mEiny circnmHtaaces 
lieaides its declivity, that this law must cot be sought to be verified, except under 
Uke conditu/a$. The breadth and depth of a glacier (as of a riier) no doubt mate- 
rially affect ita rate of motion, and its elevatiuii has a not lesB important influence. 
Small lofty glaciera of Ihu aecond order move elowly over steep inclinations. See 
J^iloft^hical Trniiaclioiu, tS46, p. 177, [Reprioted in the present volume,] 
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6. A fact not less important than any of the preceding, and 
eqnally well-established, not only by obaervations of my own, 
bat by those of sacceeding experimenters, is this: tliat in* 
creased temperature of the air favomv the motion of the ice ; 
and generally whatever tends to increase the proportion of the 
watery to the solid constituents of a glacier, as mild rains, and 
especially the thawing of the superficial snow in spring. The 
velocity does not, however, descend to nothing even in the 
depth of winter. Indeed, in the lower and most accessible 
portions of the Mer de Glace (or Glacier des Bois) and the 
Glacier des Bossons, the ratio of the winter to the summer 
motion is almost exactly 1:2. On endeavouring to establish a 
relation between the velocity of the glacier and the temperature 
of the ambient air, we find that these two quantities diminish 
together in an almost regular manner down to the freezing- 
point ; below which the velocity seems to remain constant.* 
• The circumstances of motion detailed in the six preceding 
propositions appear to be reconcileabic with the assumption of 
what may be called the Viscous or Plastic Tfieort/ of glacier 
motion, and with that alone. 

Plastic Nature of Glacier Ice, — Notwithstanding the ap- 
parent paradox of calling a vast mass of coherent ice a semi- 
fiuii bo<ly, there is something about a glacier which almost 
inevitably conveys to the mind the idea of a stream. This may 
be traced in the descriptions of unscientific tourists, of poets, 
and of some of those who have addressed themselves more 
seriously to the question of the real nature of these bodies. To 
the latter class of observers belong Captain Basil Hall and 
Monseigneur Eendu, Bishop of Annecy, who had much more 
than hinted at the possibility of a true mechanical connection 
between the descent of a glacier and that of a mountain torrent, 
or of a stream of lava. But until the actual conditions of 
motion were reduced to rule, it was impossible to know how 
far the analogy was real or apparent. 

• Fhiloeophicdl Transactions, 1846, p. 191 ; and Edivhtrgh Phihsophiral 
Jovrncd, 1847 [page 138 of this volnme]. 
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The viscous theory of glaciers, &8 deduced from observa- 
tion by the present writer, though now very generally accepted, 
had to struggle with numerous and strongly-urged objections ; 
of which the oftenest repeated was, that ice is by its nature a 
brittle solid, and not sensibly possessed of any viscous or plastic 
([uality. In answer to thin, it may be urged that the qualities 
of solid bodies of vast size, and acted on by stupendous and 
long-continued forces, cannot be estimated from esperimenta on 
a small scale, especially if short and violent ; that sealing-wax, 
pitch, and other similar bodies mould themselves, with time, to 
the surfaces on which they lie, even at atmospheric tempera- 
tnres, and whilst they maintain, at the same time, the quality 
of excessive brittlencss under a blow or a rapid change of form ; 
that even ice does not pass at once, and per sallum, from the 
solid to the liquid state, but absorbs its latent heat throughout 
a certain small range of temperature (between 28"'4 and 32" of 
Fahrenheit), which is precisely that to which the ice of glaciers 
is actually exposed ; that, after all, a glacier is not a crystalline 
solid, like ice, tranquilly frozen in a mould, but possesses a 
peculiar fissured and laminated structure, through which water 
enters (at least for a great part of the year) into its intrinsic 
composition. But, waiving the inferences from all these facta, 
the main argument in favour of the view now mamtained is 
this, that admitting the preceding propositions as to the velocity 
of its parts (which no one now contests), the quasi-fluid or 
viscous motion of the ice of glaciers is not a theory but a fact. 
A substance which is seen to pour itself out of a large basin 
through a narrow outlet without losing its continuity, — the 
different parts of which, from top to bottom, and from side to 
centre, possess distinct^ though related velocities— which moves 
over slopes inconsistent with the friction between its suiface 
and the ground on which it i-ests — wliich surmounts obstacles, 
and, even if cleft into two streams by a projecting rock, 
of being thereby anchored as a solid would necessarily be, 
reunites its streams below, and retains no trace of the fisaiire, 
leaving the rock an islet in the icy flood— a substance wbicll "^ 
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>ve8 in such a fashion caDOot, in any true sense of the word, 
i termed a rigid solid, and must be granted to be ductile, 
tscons, plastic, or semifluid, or to possess qualities represented 
y any of these terms which we may choose to adopt as least 
hocking to our ordinary conception of the brittleness of ice.* 

Origin of the Veined Structure of Ice. — Any mechanical 

fcheory of glaciers must be more or less imperfect which does 

not explain the remarkable veined or ribboned structure of the 

5oe, which, with its peculiar course through the interior of the 

glacier, has been described at page 245. In applying the 

theory of quasi-fluid motion to explain this structure, two great 

difficulties are experienced; first, our confessed ignorance of 

the modus operandi of those molecular forces which induce 

pervading structures of this kind ; secondly, our imperfect 

acquaintance with the laws of motion of semifluids under the 

action of gravity, even in simple cases. Nevertheless it seems 

possible to prove, partly from admitted mechanical principles, 

partly from direct experiments, that the tendency of the motion 

is to produce such a structure. 

The fundamental idea is this, that the veined or ribboned 
structure of the ice is the result of internal forces, by which 
one portion of ice is dragged past another in a manner so 
gradual as not necessarily to produce large fissures in the ice, 

m 

and the consequent sliding of one detached part over another, 
but rather the effect of a general bruise over a considerable 
space of the yielding^ body. According to this view, the deli- 
cate veins seen in the glacier, often less than a quarter of an 
inch wide, have their course parallel to the direction of the 
sliding effort of one portion of the ice over another. Amongst 
other proofs of this fundamental conception that the veined 

* For a fuller reply to tbe objections wbicli have been urged against tbe tbeory 
of tbe plasticity of glaciers, see Philosophical Transactions, 1846, j)articularly pp. 
162, etc. [and p. 140, etc., of tbis volume]. Tbe confirmatory observations of MM. 
Agassiz and Scblagintweit on otber glaciers, and tbeir adoption of views virtually 
tbe same witb tbose maintained above, bave proved convincing to a majority of* 
tbose wbo at first rejected a tbeory apparently opposed to commonly received 
notions. See Mousson, Die Gletscher der Jetzt-zeit, wbo says, p. 1C2, speaking of 
tbe plastic tbeory, " £r steht nocb beute nnangefocbten da." 
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Btnictnre is the external symbol of this forced internal i 
of a body comparatively solid, we may mention one Tery 
Btriking inBtance recorded by the present writer, as observed 
on the Glacier of La Brenva, on the south side of Mont Blanc, 
subsequently to the publication of his principal work on the 
subject. In this case the ice of the glacier, forcibly pressed 
against the naked rocky face of an opposing hill, is turned into 
a new direction ; and in thus shoving and squeezing past a pro- 
minence of rock, he observed developed in the ice a " veined 
structure" so beautiful, that "itvras impossible to resist the 
wish to carry off slabs, and to perpetuate it by hand specimens." 
This perfectly developed structure was visible opposite the 
promontory wh'ch held the glacier in check, and past which it 
struggled, leaving a portion of its ice completely embayed in a 
recess of the shore behind it. Starting from this point as an 
origin, the veined Ianiin<T? extended backwards and upwards 
into the glacier, but did not spread laterally into the embayed 
ice. They could, however, be traced from the shore to some 
distance from the promontory into the icy mass. " The direction 
of lamination exactly coincided with tliat in which the ice muat 
have moved if it was shoved past the promontory at all. That 
it did 80 move was made the subject of du-ect proof, by fixing 
two marks on the ice opposite the promontory, one on the 
nearer, the other on the farther side of the belt of ice which 
bad the lamination best developed. The first mark was 50 
feet from the shore, and moved at the rate of 4"9 inches daily ; 
the other mark was 170 feet farther off, and moved almost 
. three times faster, or 14'2 inches daily. Throughout this 
breadth of 170 fuet there was not a single longitudinal crevasse 
which might have facilitated the differential motion. A parnl- 
lelogram of compact ice, only 170 feet wide, was therefore 
moving in such a manner, that, whilst one of its sides advanced 
only a foot, the other advanced a 7/ard. No solid body, at 
least no rigid solid body, can advance in such a manner ; it is 
therefore plastic, and the veined structure is unquestionabty 
the reault of the struggle between the rigidity of the ice and 
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the quasi'jluid character of the motion impressed upon it, 
That it is eo is evident not only from the direction of the 
laminfe, but from their becoming distinct exactly in proportion 
to tlieir nearness to the point where the bruise is necessarily 
Htrongeet.* 

This observation Bufiiciently illustrates the general fact, 
that the veined structure appears most vividly in a direction 
parallel to the sides of glaciers, being caused by the friction of 
the rocky shore compelling a forced molecular separation of thS 
middle parts from the side parts of the glacier. 

But we have seen (p. 246) that the ' direction of the hori- 
zontal section of these lamina? gradually inclines inwards, so aa 
to form loops on the suiface of the glacier. The portion of 
these loops next to the shore, which is at first parallel to the 
ahore, but which gradually inclines towards the axis or middle 
of the glacier, ia conceived to be owing to the differential 
motion of the parts retarded by lateral friction, as in the case 
of the Glacier of La Brenva just mentioned. But, moreover, 
the opposing resistance of the shore-ice immediately in front 
will give a tendency to molecular dislocation in a direction 
eloping towards the middle of the glacier, where the current 
mores fastest, in consequence of the friction being less. When 
we arrive at a distance from the shore comparable to the depth 
of the ice, then the friction due to the hed of the glacier com- 
municated through its plastic layers to the surface combines 
with the lateral friction in determining the lamination in a 
direction at once upwards and towards the middle ; and when 
we reach the middle region of the ice, the lamination takes 
place entirely in the vertical plane, completing the spoon-shaped 
arnmgement of those surfaces of dislocation, of whicJi the form 
lias already been illustrated at p. 247. The particles are 
supposed to be acted on by a force partaking of the nature of 

• Twelfth Letter on Glacieni. Edinburgli Philosnpiiioal Jocmal, 1847, nhera 
tte del^a of the obBerTation are illuBtrnled by a figure. [Rcprinlpd in this 
Tolilroe, p. 183.] 
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hydrostatic preseure, derived from the ice at a Ijigher level in 
the real' of the poiiit in question. Each particle is ready to 
move io the direction in which the effective pressure is greatest. 
Near the hotlom, the frontal resistance arising from the lower 
ica in front and itaelf retarded hy frictioo, is very great, but 
BO also is the pressure of the superincumbent ice. The motion 
of the particle will take place under the joint action of these 
two resisting forces. As we approach the surface, the latter 
of the two resistances (the weight of the glacier ice) is always 
diminishing, and bears a less and less proportion to the former. 
Near the surface, therefore, the tendency to slide will be more 
and more directly vertical.* This consideration seems adequate 
to explain the remarkable phenomenon of the frontal dip, with 
its gradual fall as we approach the extremity of the glacier, 
where, of course, the horizontal resistance from the ice in advance 
becomes nothing. 

It has been deduced from M. Agaesiz' observations on the 
glacier of the Aar (which is remarkable for the uniformity of 
its section, and its uniform but small slope), that the ice does 
actually undergo a compression from back to front as it forces 
itsway down the valley; and as ice is not sensibly compresBible, 
this diminution of the horizontal area, which any given section 
of the glacier (between two vertical transverse planes) exhibits 
in successive years, can only be explained by admitting that 
the ice acciunulates in a vertical direction.f 

This fact also corresponds with the convex surface which 
the slowly-moving glaciers present. Such a surface is seen in 
the precisely analogous case of viscous bodies, such as pitch, 
and in clayey land-slips. 

It also satisfactorily accounts for the otherwise mj'sterious 

• Boo Seventh Leltcr on Claciera. Kdinljiirgh Pliiloaophioal Joornal, 18«. 
[Reprinted in this Tolume, p. 56, etc., with figures which it has not been thought 
necesBary here to repeat. See especiallj Fig. 15, pagB 59.J 

+ Ninth Letter on Glaciers. Edinburgh Philosophical Jonmal, 1846, IHo- 
printed in this Toliime,] • ' J^H 
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way in which, during winter, the glacier recovers the level 
which it had lost by ablation during summer (p. 243). When 
snow covers the whole surface the motion of all points of the 
length of a glacier approaches equality. The higher parts 
• move relatively faster than the lower,* tend, as it were, to 
overtake them, and thus to squeeze the yielding mass in a 
vertical direction. 

* [By higher is here meant the portion of the glacier towards its origin .*— by 
hwtr^ the part next its inferior extremity.] 
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^AN ATTEMPT TO ILLUSTRATE THE ORIGIN OF ^* DIRT- 
BANDS " IN GLACIERS. By A. Milward, Esq> 

" It will be remembered that Professor Forbes, in his interesting 
work on the Glaciers of the Alps, describes the " dirt-bands " to be 
nothing more than curved bands of porous ice, the surface of which 
affords a readier receptacle to the drift of the glacier. He found the 
dirt to be superficial, and merely an indication that the glacier is made 
up of two kinds of ice, the one more porous than the other ; so that 
the dirt lodges in the one more readily than in the other. The 
question to be determined is, how we are to account for the existence 
of the different kinds of ice thus regularly alternating. The dirt 
being merely accidental to this subject of inquiry, it will be better to 
speak of the dirt-bands, and the intervals between them, as the alter- 
nating bands of porous and compact ice.f 

" The dirt-bands are found to follow the direction of the hyperbolic 
curves marked out by the outcrop of the structural planes, known by 
the name of the ribbon-structure. The ice forming the dirt- bands is 
made up of that structure, in the same way as the other ice ; and 
depends, of course, upon those laws in obedience to which the ribbon- 
structure originates. For this reason, the curve of the bands is, like 
that of the structure, found to be elongated low down the glacier, and 
compressed as we approach its source. We have thus only to account for 
the existence of bands of different kinds of ice, the form of curve of those 
bands being explained in the same way as that of the ribbon- structure. 

"It may be observed, that the superior distinctness of the dirt- 
bands, as we proceed lower down the glacier, is not necessarily an 
evidence that the bands of porous and compact ice are there more 
decidedly developed, but only that they are more distinctly apparent. 
And this, I imagine, arises from the fact, that the lower ice has been 
washed over for years ; and thus the pores have become more dis- 
coloured by the deposit of drift than the pores of the corresponding 
porous ice above. 

* [From the Edinburgh New PhiloBophical Journal. Jan. 1849.] 
f These terms are, of course, only relative. 
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B the remarkable eimilarity of tLe alterualiiig bauds on tbe 
mud-sIi(Je already described, to the * dirt-bands ' on Professor Forbes' 
map of Ihe Mer de Glace, that induced me to take an interest in the 
matter, and make a drawing of the phenomenon. In the first instance, 
the curved bands were a mystery to me ; and I could not venture to 
foond any argument on a mere analog^y of appearance. The second 
mud-slids, however, seemed to shew me another step in the process ; 
and, bavmg explained the one from the other, I was led to ask myself 
whether the phenomena, to which one class of viBOOUS fluids appeared 
to be subject, might not be common to imothei ; in other words, to a 

" In our first inud-slido we observe, Jirst, the occurrence of curved 
bands ; and, secondly, a difference of conaisteooy in those bands. Our 
second mud'slide shews the origin of thuse curved bands, as far as 
mud-slides are concerned, to be the previous existence of ridges or 
wrmkles. Turning, on tbe other hand, to the glacier, we find curved 
bands of different consistency and Bimilar appearance, which I have 
called relatively bands of porous and compact ice. 

" We may then fairly ask, — If, in one species of viscous fluid, 
alternate bands are derived from pre-existing ridges, why should not 
analogous bands in another species of viscous fluid give rise to a prima 
facie presumption, that ridges are to be looked for in an earlier stage 
of that viscous fluid also ? Is not the analogy just so far strong 
enough as to induce us to examine whether there is any trace of such 
ridges or waves ; and, if so, whether their correspondence with the 
alternations of porous and compact ice is sufficient to account for the 
latter ? 

" It is evident that such ridges or waves, if they do exist, must be 
very slightly marked, or they would not have been overlooked ; but 
then, it ia to be remembered, that the difference between the two kinds 
of ice is also very slight — in fact, only barely apparent. It will be 
useless to look for them at the lower parts of glaciers, as (hey will 
have disappeared under the effects of atmospheric and other action 
through the lapse of many years, which will have degraded any exist- 
ing ridges, just in the same way as in the case of outaroppmg strata. 

" There is also a tendency to the establishment of an equilibrium as 
to elevation, to say nothing of the disturbing effect of the lateral 
friction. It is, therefore, towards the head of the glacier, where the 
true glacial structure commences, that we are to look for such ridgwvj 
the best lime, also, will be at the commencement of summer, after Ihe^ 
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! the confusion of iLe surface 



disappearance of tlie enow, and 
occasiooed by the bud's influence. 

*' 1. It has heeu suggested to me, that in the case of the mud-slide, 
there may be an original difference of consistency in the hands of mud, 
which ia only increased hy the action of the drainage water ; and that 
the ridges and intervals are the outcropping of these beds which com- 
pose the miid-streom. If there he such a tendency in viscous fluids 
to separate into beds of different consistency, such a difference of con- 
aialency may exist in glaciers, although the actual ridges may never 
be Hufflciently developed to he apparent. Such a peculiarity of viscous 
structure would account for the bands of porous and compact ice, 
whether the ridges he found or not. 

" At present, however, we have no proof of such an internal struc- 
ture, and may therefore dismiss it. 

" 2. If, however, ridges or waves are found to exist, the case be- 
comes precisely analogous to that of the mud-slide : The lower extre- 
mity of each ridge wiU be more broken up than the other parts, just 
ta we see the ridges and lower extremities of the several mud-streams 
to ha broken up and more porous. B'rom these high and broken 
parts, the water will drain and saturate, to a greater extent, the sur- 
faces below. The ico thus saturated will become, by the action of 
firoBt, more compact than the rougher ridgea. This fact, that satu- 
rated ice produces the most compact glacier, appears to have been 
already assumed (either from experience or otherwise), in the explanation 
which is given of the formation of the transparent blue bands of the 
ribbon -stnicture. An objection to which this esplanation ia open, 
will be found in the very different width of the porous and compact 
bauds on the glacier ; whereas in the mud-slide they are nearly equal. 

" In any case, however, it seems that there is sufficient ground why 
we should look for auoh ridgea or waves ; but at the same time, it is 
quite possible that they may be proper to a peculiar condition of vis- 
cons matter, to which class the glacier does not belong, or it may be 
that special resistance and obstruction prevents the development of 
such peculiarity in the case of glaciers. If this be so, the direct ana- 
logy between the glacier and the mud-slide in this respect vanishes. 

" 3. From the manner in which the second mud-slide explains the 
first, — depending, it will be remembered on the drainage of water 
altering the character of the mud — another deduction niay, I think, 
bo drawn as applicable to glaciei-s, although not exactly in the same 
way. The result to which I am about to draw your attention must. 
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1 think, have a real esistence. It ie a result to wliicli the dirt-bands 
may be the indication, or it maj have passed altogether unobserved. 

" We find at the heads of most glaciers, where Ihe neve is pas«ng 
into ice, and the hody assumino; its normal form and construction, thitt 
tliere are steeper elevations, from which the neve descends, and fre- 
quently ice-cascades. The glacier is in tiiese parts, on account of 
the abrupt descent, very much broken up, and ufien impassable. 
Now it appears evident, that, at the foot of these slopes, the water 
which has passed more qiuckly down them will uccumiilut« to a greater 
extent than if there bad been no elevation behind, on account of the 
change of inclinaciim. Now, during the Bummer months, the satura- 
tion thus taking place will be greatest, because of the large quantity 
of water then coming down. At this period of the year, likewise, the , 
motion of the glacier is also greatest, and a large advance of the satu- 
rated body occurs. This, during the winter frosts, is consolidated, 
and formed, I imagine, into more compact ice than would have resulted 
from less saturated materiiit. 

" On the other hand, in the winter months, that part of the glacier 
at the foot of the upper Blojies, or ice-cascades, »vill be less eatnrated, 
as the surface of the whole glacier is then in a state, of comparative 
rest, in consequence of the diminished effect of the sun's rays in thawing 
the surface of the ndvc. At this time, also, the glacier moves with 
far less rapidity ; and so the quantity of glacier in a less saturated 
state thus moving on, will be considerably less than that advancing 
during the summer. In consequence, also, of its being Jess paturated i 
with water, it will, after consolidation, he less compact tiian that whicfa 
moved forward during the summer. Viewed in this light, the foot of 
the upper slopes, or ice-cascades, may be considered as a kiad of . 
laboratory for the manufaclure of alternate bands of compact and porous 
ice — the former made during the summer, and the latter in the winter 
months. Thus, if my theory be correct, a wide band of comparatively 
compact ice, and a narrow band of porous ice, will be annually formed 
and added to the glacier. 

" If these alternate bunds be considered as identical with the porous I 
and compact bands to which the dirt-bands belong, it follows, that the ' 
porous bands, during the progress down the glacier, become npparent I 
by the absorption of the drift, which is washed over the surface, and 
their distinctness increases with the length of time during which they 
ve been subjected to the drift. 

" Thus the wide compact band answers to Ihe interval b 
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^dirt-bands,' and the narrow porous band to the 'dirt-band' itself. 
The one owes its formation to the summer, the other to the winter. 

" It will result also from this theory, that the breadth of the * dirt- 
band ' and interval, taken together, should equal the annual advance 
of the glacier. And this appears, from observation, to be the actual 
case. We might also expect the relative breadth of the dirt-bands 
and interval to approximate towards the proportion of the winter and 
summer mean glacial motion. There may, however, be causes, arising 
from the positions and proportions of the lower and upper slopes at the 
source of the glacier^ which would disturb this proportion between the 
two bands, even more than they would alter the relation between the 
two bands taken together and the annual glacial motion. 

" It is with the greatest diffidence that the writer would venture to 
submit, that a prima facia case has been made out for three subjects 
of inquiry. 

" Istj Whether there are indications of the existence of wide struc- 
tural bands (of which the bands on the surface of the mud -slide are 
the outcrop) in viscous fluids and glaciers. 

" 2d, Whether there are any traces in the upper parts of glaciers of 
ridges or waves answering to the ridges occurring on the mud- slide. 
And, 

" BcUy, Whether the saturation at the foot of the upper slope, which 
must theoretically exist, is practically effective, so as to cause the 
alternate bands of porous and compact ice, in the manner which I 
have endeavoured to describe." 

Observations on the preceding communication, and especially on the 
cause of the Annual Rings of Glaciers,^ By Professor Forbes. 

" Professor Forbes stated that Mr. Mil ward's shrewd suspicion of the 
bands of ice of different consistence, being accompanied also by wrinkles 
or elevations, had been discovered by himself some years before at the 
very place and time pointed out as most likely ; and he shewed that, 
while there is a tendency in a tenacious viscous fluid to produce wrinkles 
under pressure, capable of effecting detrusion even where the supply of 
the fluid is uniform, this quality is greatly increased when the supply of 
the fluid is by fits, as it is in fact at the head of the glacier, where the 
quasi-hydrostatic pressure from behind, combined with the frontal 
resistance, produces a thickening, or convex lip or wrinkle. 

" He likewise mentioned the analogous instance of the production of 
• Proceedings Royal Soc. Edin. 18th Dec. 1848. 
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equidistant wrinkles in [on] the sides of railway banks frnm mere 
pressure above ; and more particularly ia turnings of coarse malleable 
where, though the detruding force is constantly equal, still detru- 
takes place at intervals, forming in the shaving so many wrinkles, 
by whivh frontal resistance, too, it is thickened, and consequently 
Bhortened, similarlj" with the mechanism of the glacier." 
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MR. FAEADAY ON THE PE0PERTIE8 OF ICE, , 

"... Mr. Faraday then invited attention to the extraord 
property of ice in solidifying water which is in contact with it. 
pieces of moist ice will consolidate into one. Hence the property of 
damp snow to become compacted into a snow-ball — an effect which 
cannot be produced on dry, hard-frozen snow. Mr. Faraday suggested, 
and illustrated by a diagram, that a film of water must possess the 
property of freezing when placed between two sets of icy particles, 
though it will not be affected by a single set of particles. Certain 
solid substances, as flannel, will also freeze to an icy surface, though 
other substances, as gold leaf, cannot be made to do so. In this 
freezing action, latent beat becomes sensible heat, the contiguous 
particles must therefore be raised in temperature while the freezing 
water is between them. It follows from hence that, by virtue of the 
Bolidifj'ing power at points of contact, the same mass may be freezing 
and thawing at the same moment, and even that the freeziag process 
in the inside may be a thawing process on the outside. Mr. Faraday 
then referred to Mr. Thomson's memoirs on the effect of pressure on 
the freezing point. Mr. Thomson has shewn that immense pressure 
will prevent water from freezing. At 32" ice naturally occupies a 
greater volume than that of the water which forms it ; and we may 
conceive that, when ice is pressed, the tendency is to give it both the 
water bulk and state. In conclusion, Mr. Faraday noticed briefly, 
and chiefly by way of suggestion, the molecular condition of ice as 
presenting many curious results, and called attention to the strangeness 
of striaa being formed in a body of such uniform composition as pnre 
water frozen into ice." — From the Pivceedhigg nf the Royal In& 
Hon, reported in llie Athcnmum^ 15lh June 1860, p. G41, 
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TRACTS from LETTERS to Pbofebsor Forbeb, on tie Analog) 
' of the Structure of some Volcanic Bocks with that of Glaciers.^ 

By C. Darwin, Esq., F.R.S. With ObservationB c 

Bnhject, made by Profebsor Forbes.* 

! the liberty of addreseing you, knowing how much you'B 
a the subject of your discovery of the veined stnictureif 
of glacier ice. I have a speciiaen (from Mr. Stokes's collection) o 
Mexican obsidian, which, judging from your description, must resemble, 
to a considerable degree, the zoned ice. It is zoned with qiiite Btraight 
parallel linos, like an agate ; and these zoues, as far as I caa see 
imder the microscope, appear entirely due to the greater t 
number of excessively minute, flattened air cavities. 1 cannot avoid I 
suspecting that in this case, and in many others, in which lava of tligl 
trachytic series (generally of very imperfect flnidity) are laminated,fl 
that the etnicturo is due to the stretching of the mass or stream^ 
during its movement, as in the ice-streams of glaciers. * 

" K the subject of the lamination of volcanic rocks should interest ' 
you, I would ventiire to ask you to refer to p. 65-72 of my small 
volume oC ' Geological Observatioas on Volcanic Islands.' \ I there 

• [Prftceedinga of tha Bojal Society of Eiiinburgii, 3d February 1845. TiiBr« J 
ougbt lo liave been a reference to this paper at page 92 of thiB Tolnme.] 

f The laminated, volcsiiio rocks of AaceiiBion, Ransist, aa described bj Mr. Diut 
win, o( exoeasively thin, quite parallel lajcrs of minute arystala of ijuartz (deler-^ 
mined bj Profeasor Miller) and diopeide ; of atoms of an oiiide of iron, and of bd 
amorphaoB, bloclc angitic mineral; and, lastly, of a more or kas puro feldepathic 
stone, nilh porfect oryatala of feldapar placed lengthways. The following is a 
portion of the passage referred to: — "Several cansea appear capable of producing 
sonea of different tenaion in masaee semi-liquified by heat. In a fragment of de-ii- 
trifled glosa I have obaerred layera of sphnmlitea, which appeared, Irani the manner 
in which they were abruptly bent, to have been produced by the simple aontractioB 
of the maaa in the vessel in which it cooled. In certain dykes on MoDut .iStna, 
desoribed by M. Elie de Beaumont, aa bordered by altcmatiDg banda of scoriaceoca 
and compact rook, one is led to suppose that the etretching movement of the eut- 
ronnding strata, which originally produced the fiasnroa, continued, whilst the injeoled 
rock remained fluid. Guided, however, by Professor Forbea'a clear deaoription of 
the zoned atructure of glacier ice, far the most probable explanation of the lamiusted 
stracture of these feldspatliic rocks appears to be, that they have been stretched, 
vbiiat slowly flowing onwards in a pasty aonditiuu, in precisely the aame manner, 
na Profcasor Forbes believes, that the ice of moving glaciers is stretched and fissured. ■ 
Ih biilh castN, ibe Koncn may be compni'ed t<> tliose in the finest Bgal«B ; in both^J 
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Ibrow out the idea, tbut the structure in queBtion may perhaps be 
explained by your views on tbe ssoned structure of glacier ice, the 
layers of less tensiun being, in the case of tbe Ascension obaidian-rocka, 
rendered apparent, chiefly by tbe crystalline and concretionary actim 
superinduced in them, bstead oi^ as in zoned ice, by the congelation 
of water. ■ • • • 

" How singular it at first appears, that your discoveries in the 
■tnicture of glacier ice should explain the stmctnro, as I fully believe 
tiiey will, of many volcanic masses. I, for one, have for years been . 
quite confounded whenever I thought of the lamination of rocks which 
have flowed in a liquified state. Will your views throw any light on 
the primary laminated rocks P The laminra certainly seem very 
generally parallel to tbe lines of disturbance and movement. Believe 
me, &c. 0. Dahwin." 

" To Professor Fobbes." 

Professor Forbes confirmed tbe previous remarks by others made 
by himself on the speoimeua trauamitted to him by Mr. Darwin, and 
on specimens from Lipari and Iceland in the collection of tbe Boyal 
Society, as well as by direct observations made by himself on tbe lava 
streams of ^tua, 

tiie; eiteud in tbe direotion in whicli the maaa baa floveil, and tbose exposed on tbe 
■nrfoce are generally vertical. Id the ice. the porous lamince nre rendered dtBLiact 
by the aabeequetit cocgelation of infiltrated water ; in the slonj feldapalhic lavas 
bj subseqaent cryatallina aod concreliDnorj action. The Iragmeiit of glaasy 
obsidian in Mr. Stokes's coUection, which is aoned with minute ^r^ieUs, mast 
strikingly rosemt>1e. judging from Professor Forbes'a description, a fraLiment of the 
wnedice; and if the rateaof cooling and the nature of the tnaas had been favourable 
to its Diystaltieittiflu, or la concrctinnarj action, ne should here have had the fluest 
paranel zones of different uomposition and tcxtura. In giaciers, the lines ofponiiil 
Ice and of minute creviees soBta to be due to an incipient atretohing, cauHsd by tha 
central parts of the frozen stream mOTlitg &ster than the sides and bottom, which 
are retarded by friction. Hence, in glaciers of certain form, and totrards the lower 
end of most glaciers, the zones become horizootah May we venture to suppose 
that, in the feldspathic lavas with horizontal Inminne, we see an analogous case. All 
geologists who have examined trachytic regions have eomo to tbe conclasion, that 
the laras of this aeries hate possessed an exceedingly imperfect flaidity ; and aa it 
b evident that only matter Ihna characterised would be aubject to become fissnred, 
and to ba formed into zones of different tensiooB, in the manner bero supposed, wi> 
probably see tbe reaaon wby augitic lavas, wbioh appear generally to bave possessed 
• bigher degree of fluidity, are not, like the leldspathic lafas, divided into lamiiue 
of different composition and teitQre. Moreover, in tbe augitic series, there never 
•ppoars lo bo any lendonoy to (bat kind of ooncretionory aclion. which, we hain 
wen, plays an important part in the lamination of rockt 
atleMt, in rendering that structure apparent." 
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ACCOUNT OF AN EXPEKIMENT ON STOCKHOLM PITCH, 
CONFIKMING THE VISCOUS THEORY OF GLACIERS. 
In a Letter from Professor Gordon of Glasgow to Professor J. 
D. Forbes of Edinburgh. Coramunicated by Professor J. D. 
Forbes in a Letter to Richard Taylor, Esq.* 

To Richard Taylor, Esq. 

My dear Sir — The inclosed communication from Mr. Gordon, 
Professor of Civil Engineering in the University of Glasgow, which 
he has allowed me to transmit to you for publication, will, I believe, 
be found interesting to yonr readers. The fact that pitch is suscep- 
tible of slow fluid motion, whilst it retains the character (in' hand 
specimens) of a brittle solid, with a conchoidal fracture and glassy 
lustre, may assist in resolving the doubts of some impartial persons 
who have thought these characters in ice to be incompatible with such 
a motion as my theory of glaciers requires, whilst the structural bands 
having the frontal dip complete the analogy. — I remain, etc. 

James D. Forbes. 

Edinburgh, February 6, 1845. 

To Professor Forbes. 

" When you requested me to give you a memorandum of what ap- 
peared to me to be the very glacier-like motion and appearance of 
Stockholm pitch flowing from a barrel, I considered my observation to 
have been too casual to be worth writing, and having foreseen that I 
could arrange an experiment at Gateshead in the beginning of the 
year, I delayed giving you the memorandum you wished. I had hoped 
to have been able to inspect and report on my experiment about this 
time, but I cannot go to Gateshead for some time to come, nor have I 
had any report of the progress of my pitch glacier since the 6th of 
January, when I was informed it had not moved since the day after 
I left it on the 28th of December. Your note of yesterday induces 
me to offer you the following still perfectly vivid impressions of the 
analogy between ice and Stockholm pitch. 

* [Philosophical Magazine, March 1845. This paper ought to have been referred 
to at page 92.] 
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" Allow me in the first place to mention that I read your Travels 
in the Alpa in May last ; that on the 24th of June I spent almost 
twenty hours on the glaciers of the Giindelwald. I went np hy the 
lower glacier prepared with poles to prove its motion, and actaaUy 
observed a progress of ahove twelve inches in Iho coorse of thirteen 
hours, from 6 a.m. to 7 p.m. I traced the 'dirt-bands' on the sur- 
face. I was let down into several crevasses, one of them to a depth 
of thirty feet, and could trace the slaty structure of the ice ; the alter- 
nate clear blue thin veine, and the transition to opaque gray, or even 
■ white. I descended from the glacier with a much better appreciation 
of the theory of glaciers than I had had, and a strong conviction that 
the facts I had observed could not be otherwise accounted for than by 
the mechanical theory you have given. 

" In passing through Gateshead, in August, a broken-headed liarrel 
of Stockholm pitoh at the wire-rope factory attracted my attention.* , 



" A mass of Stockholm piteh 6roteniroma[the]barrelin August (at 
the time of the observations I am about to mention) presented a dark 
brown colour, a glassy lustre, translucent edges. The substance is 
fragile, fracture conchoidal and very uniform. A mass which was 
brought to me by the workman having charge of this department, and 
which he had broken from the end of such a stream, as I have repre- 
sented coming from the barrel, presented generally the same appear- 
ance as a mass broken from an entire barrel,'!' ^'^^ ^^ ^I^'S remarkable 
peculiarity, that there wera lines — structural lines, whose testure and 
colour were different from the general colour of the mass recognizable 
on points between any two such structural lines. 

" Fig. 2 is an elevation of the stream of pitch, showing pretty neaxiy 
the dimensions and outward appearance of the stream. The striated 
slaty structure appears here on the outside, as is more distinctly {in- 
tended to be) shown in Fig. 3. There were certain well-defined lines, 
and on either side of these, for some little distance, other small lines 
or cracks (but not open cracks or fissures), and then a space of smooth 
glassy-looking pitch. 

" I am strongly impresfied with the idea that the structural lineB an 
a result of the motion, and that they correspond with the veme (){-* 
glaciers ; the lines incline most when the surface is steepest, and are 

* [ThB reference to Oie figures is bere omitted. The figares will be ftflnd 
the yolnme of the PbiloHopiiioal Maganino referred to.] 

+ " The pitch ia fragile at the Bame time that it.^»."— L. Q. 
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very faint and nearly horizontal at t, where the surface of the stream 

is nearly so too. I left Gateshead without having an opportunity of 

getting a sectional view of this stream. I can get no real Stockholm 

pitch in Glasgow, else I should have made the experiment you have 

incited me to attempt here. — I am, etc. 

" Lewis Gordon." 

" Glasgow, January 31, 1845." 
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EXTEACTS from a LETTER from E. Blackwell, Esq., containing 
Observations on the Movement of Glaciers of Chamouni in Winter. 
Communicated with remarks by Professor Forbes.* 

" The accessibility of the glaciers, even up to a considerable height, 
is at this season a question of mere physical force. I have made 
within the last few days two excursions into the region of perpetual 
snow. The first of these was on the 6th of January, and wan to the 
summit of the glacier of Blaiti^re, several hundred feet above the point 
where I had noted the line of the nSvS in September and October ; 
the second was on the 13th, when I succeeded in reaching the junction 
of the glaciers of Bossons and Tacconaz, near the Grands Mulots. 
This junction is exactly at the commencement of the nMy as I re- 
marked between the months of August and October, on six different 
occasions, when I passed there on my way to and from Mont Blanc, 
the D6me de Goute, etc. In both these expeditions I was struck by 
the excessive power of the sun ; the greater apparent warmth, oven 
in the shade, as compared to the valley of Chamouni ; and the sudden 
chill which followed sunset. There was also much less snow at these 
heights than in the valley, and I have no hesitation in saying that in 
winter very little snow falls upon the higher summits. The snow-falls 
in the valley are invariably brought by a low creeping fog, which 
comes up from Sallanches. It seldom overtops the Col de Voza, and 
the Aiguilles appear bright and sunny in the gaps of the cloud. It is 
in spring and autumn that these higher peaks are powdered by every 
storm ; now the dispersing clouds leave them as dark as before they 
gathered. I fancy this winter is unusually cold ; every one is crying 

* [Proceedings of the Royal Society of Edinburgh, 6th February 1856.] 
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out, and complaiDing that the potattiea are fruzen in deep cellare, I 
have seen Keaumnr's tlierraometer at — 25° at 5J m the afternoon, and 
I think it may reasonably be supposed that it may have fallen to 
— 30° during the night ; wine has frozen on my table before a fire. 
In the woods the trees crack with the intense frost, and there is from 
2^ to 3 feet of snow in the valley without drifia ; on the glacier of 
BlaitiSre there is ooly from 1 to 2 feet, 

" In spite of all this cold the glaciers advance steadily. The glacier 
de Blaitiere, terminating above the line of trees, pushes its moraine in 
front of it, and Keeras to be on the increase* Now this is a very 
shallow glacier, and, as I have said, covered with but little snow. Is 
it possible that infiltrated wnter can have any action whatever under 
Buch circumstances ? 

" I will here state a few results of careful observation, and I hop© 
that, even should they appear strange, you will yet consider them 
worthy of confidence. I have no theodolite, but I have a prismatic 
compass, and will take the bearings of various pointa from my stations, 
should you deem it advisable. 

" The torrent of Bossons has been quite dry ever since the beginning 
of November, and I have profited by this circumstance to endeavour 
to determine the motion of the ice within the vault, nearly in contact 
with the ground. T believe it is usually supposed that the reason why 
the termination of a glacier seems stationary in summer, is that there 
the waste predominates over the supply. It seemed to me, therefore, 
that in winter, when there is actually no waste — the torrent being 
perfectly dry, and its sub-glacial bed even dusty — the end of the 
glacier ought to be thrust forward into the valley by the pressure 
behind, I accordingly, with some little difficulty, fixed a station on 
the ridge or back of the glacier, near the lower extremity ; the result ia, 
that the fee there ia nearly stationary. This is doubtless a clue to the 
assertions of stime authors, " that the glacier is stationary in winter j" 
— they only looked at the end. What becomes, then, of the ice con- 
tinually descending from above ? Does it not go to thicken the whole 
mass, accumulating behind the more rigid portion below, as water 
behind a dam? I have no space to add more at present, hut will 
write again if I have your approval of my proceedings. Meanwhile 
I have fixed (yesterday) an intermediate station, for the purpose of 
determining where this comparative immobility begins. I have noted 
my observations, and kept a register of weather, etc. I give ,^^| 
• [See note to next page.] ^^H 




(LAUlvWELL LIN THE OLAt'l 

L to sliow the liiffc-renci: betW'i 

n Deuember 28 to January 11 — li ilaya. 

Mid^ glaeier {lomewhal above lohere it ia usiMlly 

Centre, li ft. 7 ill. (Iburtoen feet ai'vea inches). 
Sidi;, 11 ft, 6 in. (elevsn feet six iaclice), 
Loioer glaeUr duTing the lame period. 

Ridge, 1 ft. 7 in. (one foot SBTen inLlies), 
Interior uf vault, U II. 2 in. (tno inches). 

f (Nervations on Mr. Blackweirs Letter, by Professor Foriea? 
I "ThecolddeBoribed ( — 25° to 30° of Eeaumur— 24^° to — 35 J* 
Fahrenheit) — appears ao esceesive as to be unlikely ; I have there' 
B written to enquire if the thermometer could be depended on. 

B highly eatisfactory that the superficial velocity of the glacier, 
IP Bobbohb — abont a foot in tvrenty-four hours — coincideB closely with 
the measureraenta of ray guide, August* Balmat, some years since,, 
on the Banie glacier, at the same season. 

" With reBpect to the ice of the glacier of Blaiti^re, which is above 
the level of trees — probably at least 7000 feet above the sea — being 
slail in motion, it merely confirms the deductions long ago made by 
me as to the continuity of glacier motion even in winter. And as 
to the apparent paradox of water remaining uncongealed in the fissures 
of the ice at this season, though I have nowhere afBrmcd the presence 
of liquid water to be a sine quA non to the plastic motion of glaciers, 
it would he difficult to asBert positively that it is everywhere frozen in 
e heart of a glacier even in the depth of winter. Heat, we know, 
Mtrates a glacier {up to 32" and no further), not only hy conduo-; 
non, but much more rapidly by the percolation of water ; but cold 
penetrates solely by conduction, and that according to the same law 
as ia solid earth, though it may he more rapidly. Now, it is known 
that at a depth of 24 or 25 feet in the ground, the greatest summer 
»t has only arrived at Christmas. A similar retardation in the effects 
R cold must occur in glaciers. Not a particle of water detained in the 
OBpillaryfissnTes can be solidified until its latent heathasbeen withdrawn. 
" The contraBt the writer draws between the glaciers of Blaiti^re 
and BosBons, the latter of which is some thousand feet lower in point 
of level, is curious and instructive. The former, he says, appears tha 
more active, and ia pushing forwards its moraine ;\ whilst the latter^ 
• [Proo. Raj. Soc. Edin., as above.] 

ttEven this obeorvation ia not wittonl some ombiguitj. Fornodirect 
of the motioD of tbe ice seem to have been miLde, and the Rppcaraace of pushing Ihl 
moraine might be due to movemonta which had taken place some time presiouslj. 
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^B 27 

^^^1 At itB lower extremity, and in coutacl with the grouDcl, is scarcely 
^^H moving at all. 

^^H " Theru is nothing of which we know less than the cause of the 

^^H Beemiogly oapricions Advance and retreat of the extremities of glaciern 
^^^1 at the same time, and under, seemingly, the same circumstances. 
^^^1 " In the present case, I will only mention as a possible explanation, 

^^^H that the glacier of Blaitiere probably posEesses a continuons slope, from 
^^V its middle and higher region down to its lower extremity. But the 
^^^ Bossons, after its steep descent from Mont Blanc, proceeds a long way 
on a comparatively level embankment, which at an early period it 
cast up of its own ihbrh, and in which it has dug itself a hollow bed 
in which it nestles. The angular slope of the bottom in contact with 
the soil is very probably much less than in the case of the glacier of 
Blwti^re. Now, when winter has dried up the percolating water, the 
viscosity of the mass may be insufficient to drag it over the less slope, 
although it carries it over the greater. That the motion of the ice 
I close to the ground should be nearly nothing, whilst the more super- 

^^H fieial part of the glacier over-rides it by its plasticity, is as a separate 
^^^K fact quite in accordance both with theory and previous observation. 
^^H " But as the snoui, or lower end of the glacier of Bossons, is almost 

^^^ stationary, whilst the middle region ia moving at the rate of a ibot a 
day, Mr. Blackwell very pertinently asks, 'What becomes, then, of 
the ice continually descending from above ? Does it not go to thicken 
the whole mass, accumulating behind the more rigid portion below, as 
water behind a dam?' I answer, undoubtedly; and he will find this 
explanation given ten years ago in my Travels in Oie Alps (2d edit., 
p. 38S). Speaking of the superficial waste of the glaciers in Bummer 
and autumn, and the manner in which it is repaired before the ensuing 
spring, I there observed, ' The main cause of the restoration of the 
surface is the dimmished fluidity of the glacier in cold weather, which 
retards (as we know) the motion of all its parts, but especially of those 
parts which movo most rapidly in summer. The dispropordon of 
velocity throughout the length and breadth of the glacier is therefore 
less, the ice more pressed together, and less drawn asunder ; the cre- 
vasses are consoUdated, while the increased friction and viscosity 
causes the whole to swell, and especially the inferior parts, which M 
the most wasted." — (See also Seventh Letter on Olaciers.* 

* [Page 60 of this volnma.] 
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A, Station on the Mer de Glace marked, 
37,125. 

Aar Glacier, 2; motion of the, 68, etc ; ob- 
servations <m the moti(nk of its surface and 
bottom, 186 ; additional obeenratifHis on 
the velocity o^ 206, 209, noie ; different 
reports do not agree, 208 

Ablation of snrfitux of glaciers, 157; its 
amoont ascertained, 170, 242. 

Agassiz, Professor, quoted, 2, 65, 68, 98, 208, 
24a, 250, aole. 

Air bnbUes in glaciers, 201 ; in lavas, 267. 

Aletsch, motion of glacier o^ 15, 62. 

** Angle" on the Her de Glace, ridges of ice 
near, 205. 

Annual motion of different parts of the Mer 
de Glace, 123, 222. See also the letters 
indicating the various stations, and the 
-word MoHotu 

Annual rings of glaciers, 25, 217. 

Ascensional movement of semifluid partides, 
212. See Intumescence and Level. 

Auldjo, Ifr., quoted, 83. 

Balma^ his observations on the velocity of 
glaciers at different seasons, 126, etc., 224. 

Bat^Neves or snow-beds, 76. 

Bischoff, M., quoted, 98. 

Blackwell, Mr., his observationa at Cha- 
mouni during winter, 271. 

Bois, Glacier des, its motion, 126, etc, 
222, etc 

Bossons, Glacier of, appearance of blocks 
on the, 204 ; its motion, 126, etc., 222, 
etc ; rents in, frozen up, 162. 

Brenva, Glacier of La, revisited in 1846, 176, 
etc; great increase since 1842, 177; its 
cause, 178; records of its extent in 1846, 
181 ; its remarkable veined structure, 19, 
182, 256 ; trac^ to its mechimical cause, 
182, etc ; movement of the ice tested in 
different directions, 184, 185. 

Bruising of ice produces the veined struc- 
ture, and results from its fragility or im- 
perfect plasticity, xvi, 47, 51, 53, 161, 162, 
166, 201. 

C, Station on the Mer de Glace marked, its 
motion, 36, 38, 123, 188, 221. 

Cadell, Mr. W. A., quoted, 82. 

Charpeutier. See De Charpentier, 

Christie, Mr., quoted, 161, note ; his experi- 
ment on the plasticity of ice on a small 
scale, ib. ; the experiment varied, 167. 

Col du Tour, 227. 



Collapae of the parts of a glader at the 
doae of summer, 27, 28^ 154. 

CoDin, M., on land-slips, quoted, 211. 

CoUomh, M., quoted, 206. 

Cones, gravel, 241. 

Congelation of water in glaciers, xix, 23, 
34, 47, 137, 163 ; congdation not neces- 
sary to convert snow into pellucid ice, 
200-202. 

Conservative power of the ice, 196. 

Conversion of the Neve into ice, xx, 53, 168, 

199 ; simultaneous and identical wiUi tlie 

formation of veined structore, 200 ; due 

I to pressure and increased by differential 

I motion, 200 ; commences near the aides 

I of the glacier, 201. 

Convex surfiice of glaciers, 49, 60« 152 ; of 
land-slips, 211. 

** Corpora non agtmt mti sobUa* an «z« 
ploded doctrine, 201. 

Crease or wrinkle in semifluid bodies, 215, 
216. 

Crevasses of glaciers perpendicular to veined 
structure on the Glacier of the Rhone^ 7, 
81 ; their probable origin, 8 ; their vertioa- 
lity and transverse direction reconciled 
with the facts of motion, 80, 54 ; orevassea 
in lava streams, 45 ; crevasses in glaciers, 
their distribution and extent, 143 ; their 
size and importance often overrated, 
143-5; their direction, 145 and note, 
192 ; intersecting crevasses comparatively 
uncommon, 146 ; length of, 147 ; do not 
materially assist progression, 147 ; mi^ 
be due to general or to local dlatenaion, 
151, 152; often renewed and sealed up 
by collapse, 153 ; crevasses of the Mer do 
Glace, 205 ; of glaciers in general, 240, 

D, Station marked at Montaxivert» its mo- 
tion, 86, 124, 189. 

Darwin, Mr., quoted, 92, 201, 267. 

De Charpentier's theory of gladera, 10, 84, 
248. 

Depression of level of a glader, 27, 88 ) due 
to several causes, 169 ; the eflbots sepa- 
rated, 170 ; geometrioid deprssaion, 171 1 
correction of some results in yolums of 
«*Travd8,"172,woto. 

De Saussure*s theory of ffladers, xxi, V 
defined, 95, 240 ; moditled, 101. 

Detrusive force, 141. 

Detrusion of semitluids, 216 ; In ths I 
218 219. 

Dilatation theory, 15, 33, 240. 



DiacODtiniiity of iclacwTa, three orders of, 

206. 
DollfuB9 and Uartins, MM., their observo- 



Ediiibnrgh Be*iew, artide OD Gladera in 

ibe, XKTiii, 10. 
Eg»l«tg, Lea, 193. 
Elio de Beaumont, M., quoted, *a, 49, 

le enrfsce of 

EsGher, M., quoted, 15. 

Etna, lavaa of Mounts 88. 

Experiments on the flow of plastic bodies, 
77; on ibe plMticJty of ice on tiie great 
scale, 103, etc. i on the small scale, 161, 
'uite, 167. 

Eitrusion of stones from glaciers. 60, 202. 

M of glac^ 



Faraday, Mr., quoted, xiii, 
some iMiperties of ice, 281 
Fir,-. Mi. 

Viames from VcsuffiuB, *i, i 
Fluid motion with friction, 



S3, 31, 3b, 7B, 
ith the 



FragiUt}- of ioo not inc. .. . . 

theory of pla-itidty. 85, 47. fil, 63, luu ; 

tUmiiiisbiid by impending fusion, 166, 

326; it is succeeded be reattachment of 

the surfaeea, IBl, 201, ' 
Freezing point of water, liable to some gra- 

FricUon of semifloids, 213. See Fluid. 

FronlaJ dip. 19, 2i, 41, *6. SB, 70, 159, 204 ; 
it« analogue in lavs streams. 90 \ in pitch, 
93, S70i in mud-slides, 2ia, 217 ; frontal 
dip iltualraled in metal turnings, 21S. 

Frontal reaistance, 69, 71, 146, nofe, 304; 
in mud-slides, 212, :!17 ; in metals. 



mass, 137 ; a glfli:ier not a mass of frag- 
ments, 141, 142. 

Gladers, general account of, 333 ; names 
for in different langu^es, 233 ; of the 
Himalaya, 385 ; of Norway, 237 ; of 
Spitsbergen, 23S i of South America, 
238 i of Sic Alps, 337, 239 ; laws of mo. 
tioQ recanitulatad, 251-3. 

Glacien nrthe second order, S44; tlieir 
Telned slnictnre, 21 ; their motion, 07, 



146. For MM 



l! glacieri, (« tMr 

(iuidon. Professor, quoted, 92, 111,215,269. 

Gravitation theory, 248 

Grindelwsld, lower Glader of. 41. Fi«ntal 

dip, and wrinkteB upon, ibid. 
Gruner, quoted, 96. 
Guichorda, H., his obserratiDns 

Glacier of La Brenva, 179, 180. 



ibI I 



Himalaya, glaciers of the, 235. 
Hopkins, &&., quoted, 62, 102, 103, 
Bu^, H., quoted, 248. 
Unxley, Mr., quoted, x.' 



ce, on some properties of, near its melting 
point, 228,266; grad<ialfnsionof,iGcom- 
pnnied by softening, 35, 164, 166, nolt. 

llustratiana of the nscooa theory oC glaciei 



ie loBt and recovered 



Land-slips, their analogies to gladera, Sll ; 
described by M. Collin, 211, etc. ; land- 
slip at Lyme-liegia, 216. 

raines of, 48; their analogy to gloden, 
62 ; intumc-icence of, 47, 91 ; veined struc- 
ture in, 46, 92, 267- 

Lava, velocity of; 89, 93. 

Letters on gladers, first, 9; second, ISi 
thirrl, 17 ; fourth, 86 ; fifth, 36 ; sixth, 
43; seventh, 66; eighth, 61; ninth, 68; 
BlevBuIh, 1G9-, tweBth, 176; thirteenth, 
"" fourteenth, 205; fifteenth, 310; 






Level of ?laeL 

Level recov- 

Bupposed 



i. See IJeprEasian. 
during wmter, 28 ; at first 
\x due to congelation, 34 ; 
nore correctly, to 6vntal 
nuiauiiice acting on tlte ploaUo maia, 
especially during winter, 60, 166, 158, 
318, no'e, 269 ; oumges of level in difib- 
renl years, 37, 158, 177. 
Lines of tearing, 201. 

Longitudinal fissures exceptiimal, 147, 162. 
Lyme~Re){ia, land-slip at, 216; wriakles 
ftirmed by, ih«l. 

Martins, KL, qnoted, 91 
Mer de Glace of Cbaiii< 

its motion, 11, 123, 188,221, Mp 

change of leva" ' 

168; ablation, ISA etc; subside ... . , 

relative motion of su^ce and boIMni, 

Mer de Glace. Bee also Glaatr dsi Boil. 

and Letters denoting the various slatiiins. 

Miage, Glacier of, S3; its velocity. IBS; 



01, 309, » 



ent nan, W, 
ubaideiMa, 17D; 



261; 
Jlodels, pUalic, siviii, *7, 68, 77, eW 
^luleculBT attschiDBat ot granules of ice or 

aaow under pressure, SOI. 
Moraine, 239; msdUI,21S. 

oT the Mer de GIsce, 42 ; niDituneB of 
Uva Btreama, 48 ; of GUoiu- du Hlaga. 
198; of Qlucier of Nuit Diane, 303; of 
the Glacier of tbe Rhooe, S03. 

Motion of glaciers, 11, 16 ; by day and by 
niglit, 11 ; tbeories of the, 15 ; faster at 
centre than at aides, Vi, 35, etc; faster 
Kt top (ban boClom, SI, 51, 172, 186 ; in 
winter, 25, 3<i, 73, V29, etc., 119,221; mo- 
tion of glacier of the seeond order, S7, 74, 
US ; of tbe gladec of the Aar, 69, 200. 

Motion of GlaSers, effects of season on, 13, 
129, 308, 222, ele. ; dependence on weather, 
132 ; on temperature, J 33 ; does not amol- 
laneoiialy iocTease Bud decrease at dif- 
ferent paints of the same glacier, 13S, 199, 
and note ,- toorioii equable, 148 ; argument 
red in favour of plasticity, 
cauaes aSbcting its amount, 156-T. 
of glucierfl, fitets of, recapitulated, 




lermanence of tl 



lie position, 29, 



M„ a>i'>ted, 262, 255. 



Nknt Blanc, GUcier du, 
and velocity, lOT ; Ita i 

Naynnith, Hi. J., i ' ~ 

JVAededned,S44; 
veraion into ice, f>3. 



s, 203. 



laled, 2IB, «oee. 

'l99 ; Blratidcati 
Norway, glaciers of, S37. 

)f icy particles indaeed by 



Optical COD 

pressure, s\ii. 
Oscillationa of Glacier ot La Brenva, 177, etc 

P, station BD marked on tlie Mer de Glace, 
124, 18U. 

Pass, uodescribed, aoroM (be chain of Uont 
Blanc, 226. 

Parameler, 19. 

Pasterzen Glacier, 240. 

Permanence of the "moullna" and olher 

■ acddenta on the glacier surfkce, £9, 37. 

Person, M., on the fusion of ice, sxiii, 220- 
229. 

Pitch, a brittle yet plastic lubtlance, 98, 
141, 215. 

Plastic or viscous theory stated and eup- 
porled, 23, 31, 35, 44, 51, 62 ; sunuiuiry 
of evidence for it. 144, etc ; plutic theory 
recapitulated, 253. 

Plasticit;, a quality which admits of grada- 
tion, 53, 161, etc. ; eKperinienle on (he 
E motion of pla.sLic bodies, 47, 5S, 77 ; p'l ' ' 
k city of the ice of glHCi(>rs, 35, 02, M, 1 



loCetc . 

plaatici^ deduced from 



tbe great scale in 1S44, 74, 



desirable to be repeated, 118; 

ed from equability of the 

148; from the colbipse of the cre- 



'' arguments for, 
plasticity of ice exempliSed on a smalt 
scale, IQl, nou, 167 ; increased at a thaw- 
ing temperature, 166, and note ; iUaatratcd 
SI the local movemeata of the ice of the 
lacier otLaBrenvs, 184,165; confirmed 
by the retardaliou of the lower snrfaceof 
a glacier, IBT ; illustrated by mud-slides, 
2111 ; by land slips, 211 ; by metol-tuni' 
ing, 21&. 
Plasticity of ice near 32° due to the gradual 

absorption of latent beat, 225, 230. 
Plasticity of ice, some objectiaua to it con- 
aid«ed, 254. 

Q, station on tbe Mer do Glace so marked. 



B, studon on the Mer de Glace ao marked, 
190. 

Ramond qaolsd, 98. 

" UcgelBtion," fact so called, 228 ; accounted 
for by the progressive evolution of latent 
heat, 231. 

Huniiu, Biahop, quoted, G2, S4, 160, 301. 

Restoration of level of a glacier eSteted 
during winter. See Ltiicl. 

Rhone, observntiona on the, at Sierre, 185. 

Rhone, Glacier of the, compared to "a pail- 
ful of mertai poured out,' 6; lines of 
structure on, 7 ; appearance of blocks on 
the, 203. 

Ribboned structure. See Feined i^nclun. 

Kidgea of ice oblique to tbe axis of the 
glader near the -Angle,' 205. 

Rigidity, a relative term, 23, 35, 160, 

Ripples in moving water, 58, 80, IBS 



sure. See I^ Samsvrff, 



ScliOuhom, Glader of the, 75, ISO. 
Scoresby, Dr., quoted, 33S. 
Scrope, Mr., quoted, 85. 
Seasons, etiect o^ on glaciers, 37, dS, 73. 
129, etc., 224; on tbe Glacier of the Aar, 



Second order, motion of glaciers ot the, 110, 

244. See Gtaciera. 
Semifluid. See Fluid Motion. 
Serat, a word used by Oe Saussare, 14(1, 



Slaty cleavage of rocks compared to veined 

Btrncture In glacier ice, 8. 
Snow line, 243 ; on glaciers, 244. 
Soflunlns of ice white thawin);. See /ee. 
Sound uf a glacier in motion, 66. 
Starke, Mra., quotad, GO. 
Strucoiro in the ice of glaciers. See I 'lined 

.Stnder, M., quoted, 99. 
Sulisidencoof a glacier di»Uni[ulshed from 
ablation, 170. 8oe Itrprmtoii. 



n 



TkblBB, glBder, 341. 

Tml^fn, GlKcier uf, 38 ; Usue of iua through 
the contracted gorge of liie gladet eq 
GHlled, as, 14S; its mocioa daUrmined, 
ISl, etc ; veined UiuctuTB. ISi, 200. 

Temperntare at Ganera sad St. Benmrd, 

TemperatoiB, JU tffnata on the movemeut 
of gladerg, 86, T8, 138. BOB, 222. 

Tampemture of freeiloe water, 320- 

Tenuooi »nd thnnts in the interior of s 
gUcier, US ; vary from point to point of 
the sBine glacier at differeut douoiu, 160 ; 
tansioni and thnuta alteraata, 165. 

Termioal part of a Rlador moves compam^ 
lively slowly, 130, and notm its move- 
inenl in winlnr, 130, nole. 179, 273; re- 
taided by tlia fHction of Ihe Boil, ITS. 

Theories of glacier motion, De SaaBsure'a, 
IS, 31, 9S, 319 ; De CbarpentieT'B, lb, S2, 
etc, M8. Sea Plaalic Thtory. 

Thomsoa, Hr. Jimee, qaoled, xiv, xxiv. 

'niom»on, Mr. John, quoted, 812, note. 

Thomson, Prof. Wil1iam,quoted,i:iv,xxiv. 

Torreudal moCJon of Bome gladera, 117 ; 



Vemed etructorB of glacieTB, oliserved by 
(he author in 1841 oa the GUciers of the 
Aar and Rhone, 1, etc; ojttenda to a 
great depth. Si pervades ^laciera from 
Out nisi to their termination, 4; moat 
developed near moroinea, 5 ; endures fdr 
more than one season, & ; tlie direction 
of the veins traced over the glacier, b, 19, 
etc. ; ptodnce a false appeaiance of hoii- 
Eontal stratification of Che gUcisr at its 
lower end, fi; apparently perpendicular 
" '* " ^;reateat 

of fisaiiTi. 

r, 145, 192 ; not due to stratiScalJan or 
sedimentary deposition, 8 ; resembles 
slaty structure of aoms rocks, B, 92; hi 
the Gladei of La Brenvs, 10; conrsa of 
the veins genorally in glsciere of different 
■ furnu, 20 ; in glaciers of the second order, 
21; theory o^ 23; strongly daveloped 
where ela^ers unite, 31 ; tends to disap- 
pear where the glacier becomes crevaaaed, 
31, 161 ; renewed from time to tbne, 20, 
30 ; cute the modioi morainai, 39 ; analo- 
gous appearances in lava, IH, etc.; leaulta 
from the limit of perfect plasticity Iwing 
oncBoded, 35,47, 61, 53, 181, 166, 201; 



forme of veined structure minutely con- 
sidered, S6, etc. 1 subjacWd to critical ob- 
servation on the Mer do Glace, 84, etc. ; 
theoty of vsined sCructure illustratad by 
plasHc models, 79; perpendicular la 

Veined ab-nctnre, produced in si'f u, 39, 30, 43, 
105 ; a consequence of imperi^ct plsstldty, 
1G3 ; disappears in glaciers moving torreU' 
tially, 161-2; and in the centre of wide 
glaoien with low velocities, 163 ; remark- 
able development in 1846 on the glacier 
of La BrenvB, 182 ; its cause explained, 
182, etc. ,- txperiaenlinn cruein regarding 
It, 183, ISl ; analogy from the phenomena 
of rivers, 185 ; vemed Btnioture on Gla- 
cier of tiiiSm, 192, BOO ; perpeDdicnUt 



Ki^ of glaciers; maximumnt 
multaneously at all parts of 
' on different glaciers, 1S5, 139, 






uUI^^^H 



. Nant Blanc, 197. 
Vslocity of glaciers, causes which 

Suence it. See jifnfian and Swface, and 

the Letlera denoting differoot 

Ihe Mer de Glace ; also under the 

of other glaciers. 
Velocity of hiva, 8,5-93, 
Vaauvina, flow of lava within 

44 ; lavas of Vesuviua, 87. 
Viscous or plastic theory of glacier mi 

illustrated, 77, etc; theory lecapitul 

353. See Plattle theory. 

W, aUlion on the Mar ds Glace (GUnitl 
Tal^fre) BO marked, 191, etc., 200, 

Waste, BuperSdal, of glaciers, 33, 60, 211. 
See SjibsidencB and L^vel. 

Water in the crevices of glaciers, its eSea, 
164-166; prssumsd effsct of ita congela- 
tion in winter, 84; this view ooirected^ 
60, 156, 168, 318, note, 360. 

Water, ripple In, 68, 80, 18fi, 

Weather, effects o^ on the motion o! 
ciers, SB, 73, 133, 137, 166. 

Weather at Chamouni 1814-B, 133. 

Williamson, Hr., quoted, 110. nofs. 

Winter, glaciers move in, 25, 3fl, 139, etc, 
234, 373 ; glaciers still contain water dur- 
ing, 137; movement of GUcioc of La 
Brenva In, 179. 

Wrinkles of the Bur&ce of the ice discovered, 
39; probably coincident with the dirt- 
bnnds,40; on the Glacier of Grhidelwald, 
41; their probable origin, 199; their 
annlogucB in mud-slides, 213, 214, 316; 
coinoidcot with du-C-bands, 21fl, 21T; I 
Milwatd's theory of, 261. 



